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INTRODUCTION 
A thorough study of the entire outer surface of the exo-
skeleton of an insect, conducted at the level of 20 nanometers 
resolution has not been reported in the literature to date. 
Such a study is referred to as a topography since it is pri­
marily concerned with the three-dimensional configuration of 
the external surface of the exoskeleton. 
The objectives of this study were to locate and describe 
suspected sensory receptors, to record structural modifica­
tions and patterns of the exoskeleton and to indicate 
structures or appendages that show sexual dimorphism. A study 
of this nature is fundamental to subsequent physiological, 
behavioral, and morphological investigations of the exoskeleton 
and the sensory receptors. It is hoped too, that the illustra­
tions in this work will help investigators using only light 
microscopy in their study of Siphonaptera to better understand 
the three-dimensional relationships of many of the structures 
that are marginally observable with the light microscope. 
The exoskeleton of the flea is highly modified to permit 
rapid and efficient locomotion in a unique habitat: the 
hair and feathers of its host, or the dermecos (Smit, 1972). 
A high magnification study of the surface of the flea exoskel­
eton may provide a basis for understanding the relationship 
between its unique morphology and its habitat. 
The flea, Cediopsvlla simplex (Baker, 1895), was chosen 
as a research subject primarily because it is easily available 
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in large numbers at all times of the year, thus obviating the 
necessity of rearing laboratory animals and occupying valuable 
laboratory space. 
Fleas are Important to man due to their ability to trans­
mit pathogens to both man and domestic animals; examples are 
plague and myxomatosis virus. In addition, fleas are important 
due to their nuisance value, resulting from large numbers of 
biting fleas infesting human habitations, or those of live­
stock and pets. 
Cediopsvlla simplex is closely related to Spilopsvllus 
cuniculi (Dale, 1878) of Great Britain and Europe, a common 
parasite of Orvctolaeus cuniculus (Linn.. 1758), the European 
hare. Considerable research has been conducted on Spilopsvllus 
cuniculi since it is a vector of myxomatosis virus, a serious 
pathogen of the hare, causing heavy mortality in many areas of 
Great Britain (Rothschild and Ford, 1973). The species is also 
being studied in Australia, regarding its possible use as a 
vector of myxomatosis to control the large hare population in 
that country (Williams et al. 1973). Because of the close 
relationship between Spilopsvllus cuniculi and Cediopsvlla 
s implex. this work may produce information valuable to under­
standing both species. It is not known whether Cediopsvlla 
s implex can transmit myxomatosis, either in the European hare 
or the cottontail rabbit, Svlvilaeus floridanus (Allen. 1894), 
but this question should be studied. 
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The scanning electron microscope (SEM) is used in this 
study because it can resolve structures to a limit of approx­
imately 20 nanometers (nm) as compared to a limit of 200 nm 
with the light microscope. Additionally, the SEM provides a 
much greater depth of field than either the light microscope 
or the transmission electron microscope--a necessity in 
studying three-dimensionally-complex surface structures. 
Furthermore, the goniometric control of the specimen stage 
allows viewing at nearly any angle of all surfaces of the 
specimen, providing such surfaces can be reached by the inci­
dent electron beam. 
It is hoped that this study will provide a basis for 
subsequent research of Cediopsvlla simplex in such areas as 
physiology, behavior, genetics, morphology of sensory systems, 
and comparative morphological studies among the Siphonaptera. 
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LITERATURE REVIEW 
Most of the terminology of Siphonaptera was established 
in numerous publications of flea taxonomists and medical 
entomologists in the late nineteenth century and the first 
half of the twentieth century. By far the greatest contributor 
to the study of Siphonaptera was Karl Jordan (see Hopkins, 
1955, for a bibliography of K. Jordan). 
In 1939, Wagner published a chapter on Aphaniptera 
(a synonym for Siphonaptera) in Bronn's Klassen und Ordnung 
des Tierreichs which at that time was the most comprehensive 
morphological and systematic study of Siphonaptera. 
Snodgrass (1946) published a study of Siphonaptera in which 
he gave an account of the skeletal anatomy of thirteen genera 
of fleas in five of the fifteen currently recognized families. 
There has been considerable conflict in the terminology 
of Siphonaptera, e.g. regarding the use of latinized terms or 
anglicized terms, between Jordan's or Snodgrass' interpreta­
tions of thoracic structures, and in the terminology of the 
male genitalia. Many of these conflicts continue to the 
present. 
In 1953, Hopkins and Rothschild published the first 
volume of the Catalogue of the Rothschild Collection of Fleas 
(Siphonaptera) in the British Museum. The catalogue contains 
a glossary that has become the definitive source of anatomical 
and systematic terminology for most students of Siphonaptera. 
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The glossary, in addition to defining terms, also compared 
other terminologies. 
The work of Peter Wenk (1953) was the most detailed study 
of the head of the adult flea to that time. Although his work 
was based entirely on light microscopy, much of the detail he 
gave regarding the structure of the head, antennae, and mouth-
parts approached "ultrastructural" study. 
The terminology for anatomical structures of the 
Siphonaptera used in this thesis will be based for the most 
part on the Revised Glossary of Rothschild and Traub (1971). 
Since Wenk (1953) is the only study of many of the fine 
structures of the head, some of his terminology will also be 
included. 
Probably the most important structures discussed and 
illustrated in this study are the sensory receptors located 
on all major portions of the cuticle of the flea. Since the 
classification of insect sensilla is today in a highly 
confused and fluid state (Steinbrecht, 1973) and since 
complete identification of sensory receptors is based on 
knowledge of innervation, structure determined by transmission 
microscopy,and electrophysiological studies, as well as the 
gross external topography of the receptors concerned, the 
sensilla will be assigned temporary designations using capital 
letters for each major anatomical region as has been done in 
the recent publication of Levinson et ^ .1974. Following 
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letter designation, the sensilla will be classified into 
apparent sensilla types using the work of Schneider (1964) 
as a guide. 
The study of the morphology and function of insect 
sensory receptors began more than a century ago with investi­
gators such as Hicks in 1857 and Leydig in 1860. The 
terminology of sensory receptors was organized into one clas­
sification by Schenk in 1903, when he discussed in detail the 
morphology and physiology of "sensilla" in the Lepidoptera 
and Hymenoptera. He described and figured the sensilla 
coeloconica. basiconica. stvloconica. chaetica. 
trichodea. ampullacea. and the _s. placodea. 
Berlese, in 1909, extended the classification of Schenk 
(using Italian names of some sensilla) to other insect orders 
and added the s,» campaniformia, squamiformia. and the 
circumfila of Cecidomyids. 
Snodgrasss in 1926, modified the classification of Schenk 
to include squamiformia and grouped the sensilla into major 
divisions: hair organs, campaniform organs, plate organs, 
chordotonal organs, the organ of Johnston, and eyes. 
Weber, in 1933, employed Schenk*s classification but 
placed the sensilla into three groupings of hair sensilla, 
scolopophorous sensilla, and optic sensilla. He then discussed 
in detail the "compound sense organs," organs of chemical 
sense, touch organs, proprioceptive organs, vibration sense 
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organs, statocyst organs, chorodotonal organs, Johnston's 
organ, tympanal organs, stemmata, ocelli, and compound eyes. 
Henke and Ronsch (1951) showed that each sensory receptor 
(as well as setae, etc.) on the surface of the insect is 
formed from a single epidermal cell. They further showed that 
each sensillum and its component cells (trichogen cell, tormo-
gen cell, sensory cells, glial cells, and accessory cells) 
were all derived by mitotic divisions from a single epidermal 
cell that they termed the epidermal mother cell. 
In 1952, Richards introduced the use of the transmission 
electron microscope to the study of insect sensory receptors. 
He made free-hand sections of the antenna of the honey bee. 
Apis mellifera Linn., and demonstrated pore structures in the 
sensilla placodea (plate organ). 
In the early fifties, work began on the electrophysiolog­
ical studies of insect sensory receptors in the order Lepi° 
doptera. In 1956, Schneider and Hecker introduced the term 
electroantennogram (EAG) for their recordings of the oscil­
loscope image of summated electrophysiological responses of 
the insect antenna. Since that time, Schneider has published 
numerous papers on the subject, chiefly in the Lepidoptera, 
and has helped develop the art to the study of "single recep­
tor cells" (Boeckh et 1965). 
Electrophysiological studies provide information regard­
ing possible olfactory, gustatory, and mechanical functions 
of insect sensory receptors, allowing further refinement of 
classification. 
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In 1957 and 1959, Slifer et al. began their studies of 
the porous nature of insect sensory receptors. The first 
studies were with the transmission electron microscope (TEM), 
but in 1960, Slifer developed a crystal violet staining method 
that allows studies to be made with the light microscope. How­
ever, most determinations of the presence of pores are now made 
with the TEM and the SEM. Pores have been found in s. trichodea, 
s_. basiconica. and s_. placodea (Lewis, 1970). 
One of the first studies made of an insect sensory re­
ceptor using the light and electron microscopes was that of 
Gray (1960) in his -study of the tympanal organ of the locust. 
Gray's paper is regarded as a classic and has become a model 
for the study of insect sensilia. He was the first to demon­
strate the ciliary structure of the outer segment of the 
sensory dendrite. This ciliary structure has since been found 
to be basic to the distal segments of sensory cells in olfac­
tory and mechanical receptors throughout the animal kingdom 
(Steinbrecht, 1969), 
A survey of recent literature has produced the following 
criteria used by different authors for the classification of 
sensory receptorsi the location of the receptor, proven or 
suspected physiological function, cuticular morphology, pres­
ence of a socket, wall thickness, curvature of the hair (if 
applicable), number of sensory cells, number of accessory 
cells, degree of branching of sensory dendrites, symmetry and 
structure of lumen, size and number of pores, presence of 
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sheath material around dendrites, location of sensory cell 
bodies, sculpture of surface of receptor cuticle (striations, 
transverse ridges, grooves, clefts, etc.), taper of the tip, 
and others. As can be seen, classification of sensory 
receptors has become very complicated and very few insect 
receptors have been sufficiently studied to allow more than a 
few of the above criteria to be applied. 
In order to apply a general order to the varied sensory 
receptors of fleas, a morphological classification will be 
presented that is a synthesis of the concepts of Schneider, 
1964, and Steinbrecht, 1973. 
The sensilia chaetica or sensory bristles are large 
epidermal hairs. As far as is known, they are innervated by 
a single sensory cell. They are characterized by a "spe­
cialized and flexible cuticular membrane at the base." 
Generally chaetica are much longer than the other sensilla. 
The sensilla trichodea or sensory hairs are slender, hair-
like setae, often lacking the basal cuticular ring and arti­
culating memberane. They are generally slightly curved, 
gradually tapering to the tip and innervated by one or mors 
sensory cells. Many have been found to be porous. 
The sensilla basiconica or sensory pegs and cones are 
usually short sensilla with comparatively large diameter and a 
blunt tip. They generally have thin walls (one micrometer or 
less) and are frequently innervated by several sensory cells. 
They generally lack an articular ring and an articulating 
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membrane. Most have proven to be porous with pores ranging 
from 10 nm to 100 nm in diameter. 
The sensilla coeloconica or sensory pit-pegs are nearly 
identical to the basiconica except that they are situated 
on the floor of a depression in the insect cuticle. Many 
appear externally to be made from a fusion of fi.nger-like or 
microtrichoid processes and in cross sections have a fluted 
structure ; the clefts between the processes apparently 
function like pores in other sensilla (Lewis, 1970). These 
receptors are usually innervated by several sensory cells and 
lack cuticular rings and an articulating memberane. 
The sensilla placodea or sensory plates are elliptical 
or elongated plates with thin cuticle forming a cap over the 
trichogen cell. They have been shown to have porous edges in 
the Hymenoptera and are innervated by a large number of 
sensory cells with the dendrites forming a narrow bundle and 
ending in an eccentrically located pore. They have been found 
in the Hymenoptera, Homoptera, and Coleoptera. 
The sensilla campaniformia or sensory cupolas are thick-
walled, singly innervated, semispherical or semiellipsoidal 
formations of the cuticle. The single dendrite is ensheathed 
in a thick scolopale-like structure that inserts into the 
center of the structure, often leaving an external scar or 
incision on the external "dome." 
In physiological studies, the above sensilla have been 
found to perform the following functions % proprioception. 
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contact chemoreception, olfaction, mechanoreception, detection 
of moisture, heat and CO2, and auditory reception (Lewis, 
1970). In addition, some receptors have been found to func­
tion in several modalities. An older, generally held theory 
was that receptors with single innervation were raechanorecep-
tors, while receptors with multiple innervation were olfactory 
or gustatory receptors. This belief has been laid to rest 
with the discovery of contact chemoreceptors and olfactory 
sensilia with a single innervation (Lewis, 1970), 
Callahan (1965) introduced the theory that many insect 
sensory receptors have the properties of dielectric waveguides, 
adapted for optimum reception of specific intermediate and 
far infrared wavelengths. His theory is that olfactory mole­
cules under the influence of shorter wavelength excitatory 
electromagnetic radiation function as isolated "masers" and 
broadcast discrete infrared radiation. As an example, CO2 
under the right conditions will produce 10 micrometer maser 
radiation (Robinson, 1973). Theoretically, a tapered trichoid 
sensillum 10 micrometers long is able to receive or absorb 
this radiation. Moreover, Callahan believes that sensilla are 
often strategically positioned in correctly spaced arrays to 
perform the amplification function of the well-known antenna1 
arrays used in radio transmission and reception. 
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Hsiao (1972) concluded from a series of experiments with 
Heliothis zea (Boddie), using infrared, that "infrared com­
munication in moths as advanced by Callahan has yet to be 
supported by experimental evidence." 
Cuticular "sculpturing" and microtrichia are evident 
on many surfaces of the flea cuticle. Tiegs (1922) stated 
that microtrichia develop as processes extending out from the 
epidermal cell which are later covered with cuticle. 
Richards (1951) reasserted this view and also stated that 
sculpturing of the cuticle develops in the same way. Hinton 
(1970) stated that the primitive cuticular pattern is that of 
polygons, each polygon representing one epidermal cell, and 
that other sculpturing patterns are secondarily derived from 
the polygon; e.g., diffraction gratings, stridulatory files, 
etc. He did not discuss the development of microtrichia 
although he presented many S EM micrographs of them. From his 
discussion, it appears that one epidermal cell can produce 
several microtrichia although he does not in fact state so. 
Whitten (1973) compared microtrichia of the fly^  
SarcoDhaea bull at a to flagella and suggested that microtrichia 
are homologous to flagella. She supported this view with the 
findings of a pair of kinetosomes near the base of micro­
trichia and from observations of the pattern of epidermal 
cells and the alignment of the microtrichia, which she sug­
gested one very similar to the basic hexagonal cell patterns 
seen in colonial flagellates. She suggested that determining 
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the positions of the kinetosomes may be a method of studying 
cuticular patterns in insects. Implied in Whitten*s paper, 
but not so stated, is that diploid epidermal cells are 
capable of producing only one microtrichum (only a single 
pair of kinetosomes is present). 
The only EM work to deal with microtrichia in detail is 
that of Richards (1944) in which he described 10 micrometer 
long microtrichia of the mosquito wing which have a repeating 
annulation of 0.1 to 0.2 micrometer, from near the base to the 
tip. 
The scanning electron microscope became commer­
cially available in 1965 and some of the first SEM micrographs 
of insects began to appear in 1966 by Lawrence and in 1967 by 
Hayes et al. and Uga and Kubawara. Since then, SEM micrographs 
of insects have appeared in the literature at a logarithmic 
rate of increase. Many of the publications combine SEM with 
light and transmission electron microscopy, but some are based 
on SEM alone (Hinton, 1970; Pasteels and Pasteels, 1972; 
Comford et al. 1973; Payne et al. 1973). 
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MATERIALS AND METHODS 
Specimens of Cediopsvlla simplex (Bakerr 1895) were 
obtained either by examining cottontail rabbits, Svlvilaaus 
floridanus (Allen, 1894) or by collecting material from nests 
of the rabbit. During the fall of 1971, 1972, and 1973, 
shotgun-collected rabbits were placed in plastic bags in the 
field and subsequently examined for fleas. At other times of 
the year, cottontails were collected in Havahart traps 
(Havahart, 115-R Water St., Ossining, N. Y. 10562) baited 
with fresh hay and com. The rabbits were anesthetized with 
chloroform and examined for fleas. 
Collecting material from nesting depressions or holes of 
the rabbit prior to the young rabbits leaving the nest was 
the most productive source of fleas. The nesting material 
was placed in a plastic bag and returned to the laboratory 
where it was transferred to a coffee can with a perforated 
plastic lid. The material was kept at room temperature and 
at 75% relative humidity until the adult fleas began to emerge 
(generally in two or three weeks after collecting). A four 
inch diameter hole was cut into the side of a one gallon 
plastic bottle and the plastic lid (with matching hole) from 
the can was taped to the bottle so that the holes matched. 
The lid and bottle were then attached to the can and the whole 
apparatus tilted 90° so that the spout of the bottle was 
directed downward- functioning as a funnel. The spout was 
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placed above a container and when the apparatus was tapped 
and air breathed into the top of the bottle, the adult fleas 
leaped through the hole, and were collected in the container 
below the spout. 
Ten to lOO fleas were collected daily with this apparatus 
during the third and fourth week following the original col­
lecting date. When few fleas were emerging, a lid was screwed 
onto the bottle and the apparatus was set aside for a week or 
two. Fleas continued to emerge sporadically from the material 
three and four months after collecting. 
Fleas were routinely fixed in a 6% glutaraldehyde solution 
(Sabatini et ^ . 1963) made by adding 6 ml of 50% Stock glu­
taraldehyde (Eastman Kodak Co., Rochester, N. Y. 14650) to 
50 ml of 0.1 M Sfltensen's phosphate buffer previously adjusted 
to a pH of 7.4 as per Lillie (1965). Fixation was either at 
room temperature or at 4°C. (no difference was observed in the 
final results) and the material was stored in the fixative at 
4°C. Following fixation, the material was washed with fresh 
buffer and then post-fixed in 2% osmium tetroxide (OsO^ , 
available from J. A= Samuel and Co., Inc., Nsv York, N. Y. 
10007) for two hours at room temperature under a hood. The 
OsO^  was prepared by dissolving one gram of OsO^  in 50 ml of 
0.1 M Sôtenson's phosphate buffer. The OsO^  was 
stored frozen in 5 ml lots in small glass vials in an air tight 
container. 
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Some material was dehydrated in an ethanol series and 
passed through xylene-toluene to remove oils from the surface 
of the cuticle. The material was then rehydrated (ethanol 
series), treated for 24 hours with cold 5% KOH, washed with 
water and then post-fixed with OsO^ . This procedure resulted 
in cleaner specimens and reduced charging under the electron 
beam. Following osmium post-fixâtion, the material was 
thoroughly washed with distilled water (two changes, 10 
minutes each). 
Material prepared early in the study was frozen in a few 
drops of distilled water in an aluminum weighing pan by 
floating the pan on liquid nitrogen. The frozen fleas were 
then placed in an Edwards Freeze Dryer, Model EF2, where they 
were kept at -35°C and 10"^ torr until completely lyophilized. 
Later in the study, material was dehydrated through a 
graded ethanol series at 15 minutes per change and subsequently 
processed by the critical point technique (Cohen et al. 1968). 
The material, in 100% ethanol (or acetone) at room temperature, 
was placed in modified, size 00 Beem embedding capsules (avail­
able from Ernest F- Fullam, Inc., Schenectady, N. Y. 12301). 
The capsules were prepared for critical point processing by 
cutting small holes (7 mm X 12 mm) in the sides and then weld­
ing 250 X 250 mesh stainless steel screen (available from 
McMaster-Carr Supply Co., 2828 Paulina, Chicago, Illinois 
60657) over the hole with a flame heated dissecting needle. 
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The capsules were placed into the chamber of the critical 
point apparatus (built locally using valves and fittings from 
the American Instrument Co., Silver Springs, Md. 20910) and 
cold, liquid CO2 (15° C.) was admitted into the chamber slowly 
until a pressure of 850 psi was reached. The chamber was 
flushed two or three times with fresh liquid CO2 (five minutes 
between each flush). The temperature of the isolated chamber 
was then raised to 47°C. for 20 minutes, after which the 
gaseous COg was allowed to slowly escape, leaving artefact-
free, dried specimens in the holder. 
Some material was cryofractured in ethanol (Humphrey et 
al. 1974). About 100 fleas were placed in 5 ml of 100% ethanol 
in a small piece of aluminum foil, shaped like a watch glass. 
The foil was set on the surface of liquid nitrogen and when 
frozen, the ethanol "ice* was placed in the 1 cm deep liquid 
nitrogen, in a 12 cm diameter, 35 mm metal film can lid. A 
pre-cooled single-edged razor blade, held with a pair of fine 
pliars was used to fracture the ethanol "ice." The blade was 
placed normal to the "ice" and light pressure was applied to 
the "ice" until it fractured. This procedure was repeated 
until an adequate number of fleas were fractured, Absolute 
ethanol was then carefully poured into the container until all 
the liquid nitrogen evaporated. 
The fractured material was collected with an eye dropper 
(with a modified 3 mm opening) and placed into a critical 
point specimen holder (see above), and critical point dried. 
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Ethanol cryofracture provides sectioned material (albeit 
fortuitously) that has a clean, sharp cut with minimum or no 
damage to the specimen (see figures 13, 55, 56). 
The fleas, freeze-dried or critical point dried, were 
then mounted, whole or dissected. To allow greater freedom of 
movement of the specimen under the SEM beam, a special mounting 
apparatus was constructed (see figure 1). A 12 mm piece of 
25 mil. copper wire was inserted through a 3 mm balsa wood cube 
so that 8 mm of wire protruded from one side. The block with 
wire was then cemented with silver paint (available from Ernest 
F. Fullam Co., Schenectady, N. Y. 12301) to a standard 15 mm 
diameter SEM stub. To the copper wire was cemented several 
pieces of 3 mil. steel piano wire (available from Malin Co.» 
5400 Smith, Cleveland, Ohio 44142) cut to 1.5 mm lengths. 
Specimens were cemented to the small wire ends using very small 
amounts of tacky silver paint. The copper wire (and attached 
specimen^ ) can be rotated between SEM viewing s by turning the 
small end of the wire with a pair of fine pliars, thus allow­
ing more angles of view of the specimens. 
Mounted specimens were then coated with goId/palladium 
(60%/40%) (available from Ernest F. Fullam, Inc., Schenectady, 
N. Y. 12301) in an Edwards Vacuum Evaporator, Model E12E4. 
Specimens were coated two or three times with approximately 
9-10 nm of metal each coating, on a tilting (0-45°), rotating 
(100 rpm) stage located 18 cm above the evaporating source. 
Evaporation was conducted in a vacuum of lO''^  torr over a 
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period of 3 to 5 minutes. Coated specimens were stored 
in desiccators until observed in the SEM. 
Specimens were studied with a JEOL-JSM-Sl SEM using four 
thousand and 10 thousand accelerating voltages. Most examina­
tions were performed with 4 KV due to reduced "charging 
effects* (improper imaging due to spurious electric fields) 
and improved secondary electron signal. High resolution 
examinations were conducted with 10 KV. 
Specimens producing charging effects in the SEM were 
given another coat of gold/palladium or were exposed to OsO^  
vapors in a closed container for 12 hours, or both. 
To determine whether artefacts were produced in delicate 
structures as a result of fixation and preparation procedures, 
live fleas were refrigerated until immobilized (5-10 minutes), 
placed on a 10 mm diameter aluminum foil cup (previously 
cemented to a SEM stub with silver paint) and observed under 
the SEM. The live fleas were not coated or prepared in any 
way. Micrographs were taken with 4 KV accelerating voltage 
and magnifications up to 3000X were obtained. The appendages, 
such as the maxillary palp would shift slightly under the beam, 
particularly when sensilla were observed at slow scan speeds. 
Apparently, coating with gold was unnecessary due to electri­
cal conduction of the live flea. Some charging did occur at 
higher magnifications and the interaction of an oily-appearing 
surface film with the beam caused some loss of resolution 
(see figure 71 ). The fleas were observed for approximately 
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15 to 30 minutes in the SEM and were then returned to 
atmospheric pressure. The fleas, when removed from the SEM, 
were immobile for several moments. In approximately 5 
minutes, the appendages were moving slightly and in 20 
minutes the fleas appeared to be fully revived. 
Micrographs taken with the SEM were recorded on 4 inch 
by 5 inch EKTAPAN film (Eastman Kodak Co., Rochester, N. Y. 
14650) using a camera aperture of 5.6. To increase contrast 
of the final negative, the film was developed in a modified 
developer consisting of eight parts D-76 to one part D-19 
(trade names of developers, Eastman Kodak Co., Rochester, N. 
Y. 14650), for 7 minutes 30 seconds in a closed tank with 
agitation for 5 seconds every minute. Film was fixed and 
washed in the usual manner. 
Work prints were recorded on Ektamatic SC paper (Eastman 
Kodak Co.) at enlargements of 1.6 to 2.6 times. The paper 
was fixed in Kodak fixing bath within three months of exposure 
to ensure permanence. 
In the course of the study, 2200 micrographs were made 
from over 100 specimens of fleas. All specimens were collected 
in the vicinity of Ames, Iowa. Each structure cited in the 
observations section was observed as many times as practica­
ble; generally, 10 to 15 observations were made. However, some 
difficult to observe structures were observed as few as five 
times. 
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OBSERVATIONS 
For convenience, the SEM observations of C. simplex have 
been organized into the following sections: the head, exclu­
sive of appendages; the antennae; the maxillary palps; the 
maxillary laciniae; the epipharynx; the labium; the prothorax; 
the mesothorax; the metathorax; the forelegs; the middle legs; 
the hind legs; the abdomen, segments I to VII; the female 
abdomen, segments VIII to X; and the male abdomen, segments 
VIII to X. Following each section are SEM figures of the 
material observed. 
The measurements of structures are approximations having 
an error of 10 to 15 per cent. To reduce error, only struc­
tures appearing normal to the beam were measured. Part of 
the total error is due to a difference in magnification along 
the X and y axes of the îr.icrcgraph£ resulting from angular 
tilt of the specimen. Error in measurement also occurs be­
tween the center and the periphery of each micrograph due to 
the angular displacement of the beam. The vertical position­
ing of structures along the axis of the beam also produces 
significant error at magnifications below 1000. Accuracy of 
measurement can be increased by making stereopair micrographs 
of each structure and performing calculations as per Lane, 
1972. However, the magnitude of this work has made such a 
study impractical. 
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The Head Exclusive of Appendages 
The prominent structures of the head (figures 2, 3, 4, 6) 
are the eyes, the genal comb, the oral angle, the frontal 
tubercle, the large bristles, the interantennal groove or 
falx, the antennae, and the genal processes. A striking 
example of sexual dimorphism is the occipital depression of 
the male (figures 3, 7, 10), a modification found in many male 
fleas functioning to accommodate the abdominal sterna of the 
female during copulation (see Holland; 1955)s 
The integument of the head, posterior to the postoccipital 
bristles, is modified into a thin flange that overlaps the 
pronotum (figures 3, 4) (this structure is termed a collar in 
Rothschild and Traub, 1971). The head flange extends laterally 
and ventrally under the head (figure 5) and is notched at the 
ventral margin of the antennal fossa (arrow, figure 5). 
Anterior to the notch the head flange lies immediately under 
the genal process but is distinct from that structure 
(figures 4, 5). 
A common structural modification of the cuticle of all 
fleas is the formation of striatioris or "striae" (Jordan, 
1947) appearing in the light microscope as fine, wavy, some­
what parallel, closely spaced lines. With the SEM (figures 8, 
9, 14) the striae appear to be the raised boundaries of long, 
narrow, "overlapping" cuticular plates. The elevation of a 
striation above the adjacent plate varies from 0.17 to 0.69 
micrometer (averaging 0.30 micrometer). 
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The striae of the head form an overall pattern of overlap 
that appears to originate in the frontal region, just anterior 
(or ventral) to the frontal tubercle (figure 16). This narrow 
region (40 micrometers wide), extending from the frontal tu­
bercle to the oral angle (265 micrometers), is devoid of 
striae. All adjacent cuticular plates have the raised "stria-
tion" located on the edge distal to this "origin," In most 
cases the raised edges or striae contact other striae. In a 
few cases (arrow, figure 15) the striae have blind endings 
where the raised edge descends to the level of the surrounding 
cuticle. The spacing of the striae along an axis perpendicu­
lar to the elevated edges varies from 2 to 12 micrometers. 
Several counts of striae of the dorsal head of seven specimens 
produced a range of 24 to 32 striae per 100 micrometers (along 
a line perpendicular to the striae), with an average of 28.4. 
The frontal and dorsal regions of the head are densely 
populated by small, peg-like sensilla (figures 3, 4, and 6 
through 16), designated sensilla type A and tentatively 
classified as sensilla basiconica. This median "sensory 
field" originates ventrally just below the oral angle and 
extends posteriorly to the postoccipital bristles. Laterally, 
the sensory field extends to an imaginary line where the 
lateral curvature of the head merges into the dorso-ventral 
planes on either side of the head. 
The individual sensilla vary in length from 5.8 to 12.7 
micrometers (averaging 8.0 micrometers), with the shortest 
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senstlla occurring along the mid-sagittal line of the head and 
the longest occurring along the lateral and posterior margins 
of the sensory field. The bases of the sensilla have an aver­
age diameter of 1.7 (1.4 to 2.8) micrometers and the tips 
average 0.5 (0.3 to 0.6) micrometer in diameter. The tips of 
the sensilla appear to be truncated (figure 11) or rounded 
(figure 12). 
The sensilla are inserted in sockets to an average depth 
of 1.6 micrometers, giving the sensilla the appearance of 
sensilla coeloconica. The sockets have an average diameter 
of 3.7 (2.6 to 4.8) micrometers. The floor of the socket 
(figures 11, 12, 13) appears to be a thin, flexible cuticle, 
possibly allowing movement of the sensillum. Around the base 
of the sensilla are well-defined collars with an average outer 
diameter of 5.7 (4.1 to 6.6) micrometers, and a "rim" 1.2 
micrometers thick. 
Sensilla located along the lateral and posterior margins 
of the sensory field frequently have an anterior or dorsal 
overlapping shelf of cuticle that appears to be an extension 
of the striae discussed above. 
The male Ç. simplex has a greater number and density of 
sensilla type A. The male averages 184 (174 to 200) sensilla 
with a density of 5.3 per 2500 square micrometers while the 
female averages 135 (134 to 138) sensilla with a density of 
2.7 per 2500 square micrometers. 
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Scattered among the sensilla type A (and found on all 
exposed surfaces of the cuticle of both sexes) are numerous 
pores averaging 0.95 (0.7 to 1.1) micrometer in diameter. 
Their densities appeared to be approximately the same in both 
sexes: 1*3 pores per 2500 square micrometers in the male and 
1.65 per 2500 square micrometers in the female. The actual 
densities may have been higher since the pores are easily ob­
scured by detritus. Some pores show material exuding from 
the orifice that appears to have been coagulated by fixation 
(figure 23). 
Sensilla type B are designated sensilla trichodea and are 
setaceous structures that occur in six regions of the head. 
Type B1 are preocular, located anterior to the eye, between 
two or three large preocular bristles (see below). Sensilla 
type B2 are supraocular and are located dorsal to the eye. 
Sensilla type B3 occur along the mid-dorsal line of the head, 
posterior to the falx. Sensilla type B4 are postantennal on 
the dorsal, posterior margin of the antennal fossa. Sensillum 
type B5 are postantennal on the ventral posterior margin of 
the antennal fossa. Sensilla type Bo are located in a verti­
cal line parallel to the posterior margin of the head and are 
interspersed between large bristles. 
The following numbers of the type B sensilla are for one 
side of the head except in the case of sensilla B3 which are 
located in the dorsal midline of the head, Sensilla B1 aver­
aged 5.0 in both males and females with a range of 4 to 6. 
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Sensilla B2 averaged 16.2 in both sexes and ranged from 11 to 
20. Sensilla B3 averaged 11.8 per male and 1.7 per female, a 
distribution that reflects the sexually dimorphic character of 
the dorsal occipital region of the head. Sensilla B4 are 
spurious sensilla that occurred with an average of 0.6 per 
specimen; no specimen had more than one on each side of the 
head. Sensilla B5 averaged 3.8 per specimen and sensilla B6 
averaged 5.2 per specimen. 
The average lengths of the sensilla ares Bis 24e9 (15s0 
to 33.6) micrometers; B2, 27.0 (22.1 to 38.6) micrometers; B3 
male, 21.1 (19.6 to 22.3) micrometers; B3 female, 16.9 (15.6 
to 17.8) micrometers; B4, 27.6 (19.2 to 37.2) micrometers; B5, 
45.3 (42.3 to 58.0) micrometers; and B6, 20.5 (15.9 to 24.2) 
micrometers. The basal diameters of all the sensilla type B 
averaged 2.5 micrometers with very little variation. The type 
B have the following basal diameters in micrometers: Bl, 2.1 
(1.8 to 2.6); B2, 2.1 (1.4 to 3.1); B3, 1.9 (1.6 to 2.5); B4, 
2.4 (1.6 to 2.9); B5, 2.7 (1.8 to 3.2); and B6, 1.7 (1.2 to 
2.5). The average diameters of the sockets in micrometers 
ares Bl, 3.6 (3.4 to 4.1); B2, 3.8 (3.1 to 4.9); B3, 2.6 
(2.5 to 2.8); B4, 4.7 (3.4 to 6.0); B5, 4.1 (3.7 to 4.6); and 
B6, 4.2 (3.3 to 4.8). 
The shafts of the sensilla show a slight longitudinal 
fluting (figure 28), with the distance between fluted ridges 
being 0.4 micrometer near the base. Type B usually does not 
have a well-defined collar and exposed socket membrane as in 
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type A (figures 9, 10, 28). In many cases, the collar appears 
to be a cuticular striation that has conveniently looped about 
the base of the sensilium (figure 28). 
Types B1 and B2 have conspicuous dorsal overhanging 
"shelves" of cuticle that appear to be outward extensions of 
the cuticular striae (figures 3, 4, 27, 28). Many of the 
other type B sensilla have similar cuticular "shelves," but 
not as well developed. 
Type B6 lie along an irregular, transverse dorso-ventral 
ridge of cuticle that passes around the bases of the sensilla 
(figures 7, 9). The cuticular ridge is sometimes modified 
into anterior, overhanging shelves of cuticle at the sensilla 
bases. Similar dorso-ventral cuticular ridges occur on 
thoracic and abdominal segments. 
Type C sensilla are large, conspicuous bristles designa­
ted sensilla chaetica occurring in three regions of the head 
(figures 3, 4). Two are located in the preocular region (some 
females have 3). Two or three are located in the postantennal 
region, and five or six are located along the dorso-ventral, 
postoccipital cuticular ridge on each side of the head. 
The anterior preocular bristle averages 189 micrometers 
in length (range is 155 to 210 micrometers), whereas Che bris­
tle adjacent to the eye averages 272 micrometers (198 to 314 
micrometers). The sporadic, intermediate preocular bristle 
of females averages 158 micrometers (110 to 205.6). 
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The anterior, dorsal, postantennal bristle varies greatly 
in length, in some cases it is very short, and would appear to 
be a sensilium type B except for the much greater basal diam­
eter (figure 7). It has an average length of 147 micrometers 
(range is 47.6 to 269). The bristle immediately posterior has 
an average length of 156 micrometers (73 to 245). The ventral 
postantennal bristle is the longest with an average of 214 
micrometers (119 to 300 micrometers). 
The ventral-moSt bristle in the postoccipital series is 
always the longest, with an average length of 212 micrometers 
(163 to 273 micrometers), whereas the dorsal-most bristle on 
each side of the head is shortest, with an average length of 
106 micrometers (84 to 136 micrometers). Remaining bristles 
form an intermediate gradation between these extremes. 
The preocular bristles have an average basal diameter of 
9.0 micrometers (5.7 to 13 micrometers) and the postantennal 
bristles have an average basal diameter of 8.5 micrometers 
(4.8 to 10.8). The ventral, postoccipital bristle averages 
8.5 micrometers in diameter (6.2 to 10.6) while the dorsal 
bristles average 5.4 micrometers in diameter (4.6 to 7.4). 
The type C have an average socket diameter of 12.4 (7.8 to 
20.4) micrometers. All sensilla type C display a marked, 
longitudinal fluting of the shaft. Flutings originate later­
ally and converge distally on the dorsal or outer surface of 
the bristle. The basal, dorsal (outer) surface of all bris­
tles is rounded and smooth, so that the flutings, in a view 
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normal to the upper surface, appear to be a series of greatly 
elongated V*s (figures 19, 20). The spacing between the flut-
ings, at a position approximately 20 micrometers from the base, 
average 1.8 micrometers (1.6 to 2.2 micrometers) for all sen-
silla type C on the head. The flutings have very little or no 
spiral rotation about the sensilium axis. 
Type C sensilla are apparently solid cuticle (figures 29, 
30). In figure 29, the cuticle can be seen to have a periodic 
lamination, possibly oriented radially with an average laminar 
periodicity of 0.25 micrometer. 
The genal comb, which lies along the ventro-posterior 
margin of the head, anterior to the antenna, consists of 
large, spine-like structures termed spines or ctenidia 
(Rothschild and Traub, 1971). These structures are possibly 
modified sensilla chaetica. or bristles (see "spine," p. 72, 
Rothschild and Traub, 1971). As seen in figures 3, 4, 25, 
26, and 31 they lack sockets and are not articulated. They 
are elongate, spatulate structures with rounded tips and are 
heavily fluted on all but the upper or outer surface. Most 
specimens have eight individual spines per side (the specimen 
in figure 2 has seven). Average lengths were (the ctenidia 
are numbered from the anterior margin)* 1, 87.6 micrometers; 
2, 118 micrometers; 3, 133.6 micrometers; 4, 146.4 micrometers; 
5, 148.6 micrometers; 6, 146.9 micrometers; 7, 152.4 micro­
meters; 8, 143.8 micrometers. The average widths were (in 
micrometers)I 1, 35.3; 2, 41.2; 3, 35.7; 4, 35.7; 5, 35.6; 
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6, 35.0; 7, 32.8; and 8, 32.8. Widths of two ctenidia mea­
sured at the base from inside to outside were 53.3 and 60.8 
micrometers. The average spacing between fluted ridges was 
3.0 micrometers (range of 1.4 to 4.9). The ctenidia have a 
hollow base containing a peculiar, sponge-like structure 
(figures 33, 34). The diameters of the cavities in this 
sponge-like structure varied from 0.16 micrometer to 1.3 
micrometers. Many of the larger, similar-sized cavities 
(arrow, figure 34) were 0.8 to 0.99 micrometer in diameter. 
Figure 32 shows a complex laminar structure in the cuticle of 
the ctenidia which has a periodicity of 0.7 to 0.9 micrometer. 
Conspicuous structures, as seen in the light microscope, 
are the "placoids," referred to as sensilia olacodea by Roths­
child and Traub, 1971. Surface manifestations of these 
structures are inconspicuous cuticular depressions as seen in 
SEM micrographs (figures 8, 9, 10, 15, 16, 17, 18). They are 
designated sensilia type E and may possibly be sensilia cam-
pan if ormia. In the light microscope nine or ten of these 
structures appear on each side of the head. Three appear in 
the region anterior to the eye. one near the oral angle; two 
near the frontal tubercle (one anterior, the other posterior) 
and four posterior to the antenna (two along the dorsal margin 
and two located in a line somewhat parallel to the antennal 
fossa and located midway between the fossa and the occipital 
bristles). The presence, positioning, and size of these 
structures vary considerably. Using the light microscope 
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the smaller placoids have an apparent diameter of 5 microme­
ters whereas the larger ones (e.g. near the frontal tubercle) 
appear to be 15 to 20 micrometers in diameter. Most of this 
structure, as seen in the light microscope, appears to be a 
cuticular spheroid located below the integument. 
The diameters of the surface depressions of the type E 
average 4.6 micrometers (range 2.4 to 7.1). One micrograph 
(figure 17) shows an incision in the cuticle of the depression 
which is 4.6 micrometers long. At higher magnification the 
cuticle shows a disturbed, dimpled character in the vicinity 
of the sensilla (figures 17, 18) which may be the surface de­
pressions of very small pores (diameter less than 20 nm). 
The eye of C. simplex, (figures 19, 20, 21, 22) has an 
average diameter of 76.3 micrometers. The striae dorsal to 
the eye are compressed so that a rim-like structure is formed, 
consisting of five to seven striae. The radial dimension of 
the rim along a line from the center of the eye is approxi­
mately 16 micrometers. The striae at the posterior edge of 
the eye converge into a groove that resembles a suture between 
the eye and the antennal fossa. At the anterior edge of Che 
eye is a pore, measuring 1.7 micrometers (obscured by detri­
tus in some micrographs). The surface of the eye (figure 22) 
has a dimpled appearance at high magnification; the size of 
the dimples varying greatly from 0.18 to 0.45 micrometer. 
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The frontal tubercle in figure 15 has an elevation of 
5.1 micrometers and an approximate basal diameter of 11,4 
micrometers. The frontal tubercle in figure 16 has been 
broken• 
Figure 1. Mounting apparatus for SEM. The large structure 
at right is a balsa block painted with silver paint. The 
large wire is copper, 25 mils in diameter; the small wire is 
3 mil stainless steel inserted into silver paint. Specimens 
(dissected, KOH cleared Ç. simplex) are cemented with silver 
paint. By rotating the short end of the copper wire, the 
mount presents new angles of view to the SEM beam. Bar 
represents 385 micrometers. 
Figure 2. Whole specimen of male Cediopsvlla simplex 
represents 167 micrometers. 
Bar 
m 
Figure 3. Head of male, a, antenna; pc» forecoxa; d, occipital 
depression; e, eye; f, falx; g, genal ctnidium (comb spine); m, 
maxillary palp; pn, pronotum; o, oral angle; p, genal process; 
Sf propleurostemum; arrow points to small, dark frontal 
tubercle. Bar represents 66.7 micrometers. 
Figure 4. Head of female. Bar represents 56.2 micrometers. 
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Figure 5. Ventral view of male head, ep, epipharynx; Ic# 
maxillary lacinia; lb, labium; m, maxillary palp; ml, maxilla. 
Bar represents 66.7 micrometers. 
Figure 6. Antero-ventral view of male head, pc, forecoxa; ml, 
maxilla; s, propleurosternum. Bar represents 77 micrometers. 
38 
Figure 7. Posterior head, male, 
represents 41.7 micrometers. 
B2-B6, sensilla type B. Bar 
Figure 8. Posterior head, female. B3, sensilla B3 (two are 
present); E, sensilla E or placoid. Small sensilla with well-
developed cuticular collars are type A. Many small pores are 
present (arrow). Bar represents 15 s0 micronieters. 
40 
llM 
Figure 9. Posterior head, male; left is ventral, bottom is 
anterior. E, sens ilium type E (placoid), which is located 
between two sensilia type A. A type B3 is located in the 
post-occipital depression at right. Type B6 are located be­
tween sensilla type C, or the post-occipital bristles which 
are strongly fluted. Bar represents 6.27 micrometers. 
Figure 10. Post-occipital depression, male; left is ventral, 
bottom is anterior. Bar represents 5.62 micrometers. 
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Figure 11. Sensillum type A. Note truncated tip and well-
developed collar around base of sensillum. Bar represents 
0.51 micrometer. 
Figure 12. Sensillum type A, Note wrinkled floor of socket 
which is probably thin, flexible cuticle. Bar represents 0.59 
micrometer. 
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Figure 13. Base of sensilium type A; specimen was cryofrac­
tured in ethanol, under liquid nitrogen. Note wrinkled 
cuticle that makes up the floor of the socket. Bar represents 
1.16 micrometers. 
Figure 14. Section through base of sensilium type A. A small 
portion of the collar is intact. Circular groove below collar 
probably represents the point of attachment of thin socket 
cuticle to adjacent cuticle. Note elevation of striae. Bar 
represents 1=59 micrometers. 
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Figure 15. Frontal tubercle, male; right is anterior. Some 
striae can be seen to end blindly (arrow). Bar represents 
5«05 micrometers. 
Figure 16. Frontal tubercle, female; bottom right is anterior. 
The tubercle is partially broken. The narrow, elongate region 
anterior (right) to the tubercle is devoid of striae and ap­
pears to be the origin of the striation pattern. Bar repre-
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Figure 17. Sensillum type E (placoid), maie, anterior to 
frontal tubercle. Note the incision in the cuticle of the 
sensillum, the dimpled, disturbed appearance around the 
sensillum, and the elevated edges of the striae. Bar repre­
sents 1.52 micrometers. 
Figure 18. Sensillum type E (placoid), male, anterior to 
frontal tubercle. Note dimpled, disturbed appearance of 
cuticle in the region of the sensillum. Bar represents 
1.46 micrometers. 
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Figure 19. Eye of female; top is dorsal, right is anterior. 
Note rim of striae around dorsal part of eye. The striae be­
hind the eye merge into a linear depression resembling a 
suture. The eye pore at the anterior edge of the eye is 
partially hidden by detritus. A small placoid is located 
below the preocular bristle. Sensilla type B2 are in the 
upper right comer. Bar represents 14.1 micrometers. 
Figure 20. Eye of female; left is ventral, bottom is anterior. 
Note large pore at anterior edge of eye, and small placoid be­
low bristle. Bar represents 6.71 micrometers. 

Figure 21. Eye of male. Posterior edge of eye is at top of 
micrograph, left is ventral. Depression between eye and base 
of genal process (top, left-center) may be a placoid. Eye 
pore is obscured by detritus. Bar represents 12.0 micro­
meters . 
Figure 22. Eye surface, male. Note dimpled nature of surface ; 
this structure may be artefact--observâtions of living speci­
mens showed only smooth surface. Bar represents 1.51 micro­
meters . 
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Figure 23. Pore from dorsal head of male, showing exudate. 
Bar represents 0.94 micrometer. 
Figure 24. Eye pore of female. Bar represents 1.38 micro­
meters . 
Figure 25. Genal comb, eight ctenidia; top is anterior. Bar 
represents 32.2 micrometers. 
Figure 26. Underside of genal ctenidia; top left is anterior. 
Bar represents 14,0 micrometers. 
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Figure 27. Sensilla B2; top right is dorsal, bottom right is 
anterior. Note imperfect collar development as compared to 
type A. Bar represents 11.6 micrometers. 
Figure 28. Sensilla Bl; right is anterior. Note that striae 
dorsal to sensilla are formed into overhanging, cuticular 
shelves. Bar represents 4.82 micrometers. 
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Figure 29. Sensilium type C, fractured. Note periodic 
laminae that appear to have a radial orientation. Bar 
represents 1.58 micrometers. 
Figure 30. Base of sensillum type C. The base appears to 
solid. Bar represents 0.90 micrometer. 
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Figure 31. Genal comb, eight ctenidia; bottom right is 
anterior. Note relatively flat, smooth outer surface of 
ctenidia. Bar represents 24.4 micrometers. 
Figure 32. Genal ctenidium, fractured. Note periodic laminar 
structure, oriented nearly tangentially to ctenidial axis. 
Bar represents 4.85 micrometers. 
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Figure 33. Fractured base of genal ctenidium. Note section 
through flutings and sponge-like structure in hollow base of 
ctenidium. Left side of sensillum is underside or inside. 
Bar represents 7.35 micrometers. 
Figure 34. Sponge-like structure in hollow base of genal 
ctenidium. Arrow indicates a 0.9 micrometer cavity, a size 
that occurs in high frequency. Bar represents 1.50 micro­
meters . 
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The Antennae 
The designated surfaces of the antennae described below 
refer to an antenna extended outward at right angles to the 
longitudinal and vertical axes of the head (see figures 35 and 
36). The antennae are located in deep, lateral cavities of the 
head, termed the antennal fossae. Only a small part of the 
antenna is exposed to the external environment from the fossa 
and this surface is densely covered with medium to large bris­
tles (figures 3 and 4). 
The antenna (figures 35, 36, 37, 38) is composed of three 
distinct segments: a basal, sinuous scape; a compact pedicel; 
and a distal, symmetrical club. The club is further subdi­
vided into 10 annulations. 
The antenna articulates with the head at the dorsal end 
of the fossa where the proximal, stem-like scape inserts into 
membranous cuticle (figures 56, 58). Apparently the female 
antennae can not be erected since not one of several hundred 
1ive and dead spec imens observed had the antennae erect. The 
genal process had to be removed in dissections before the 
antenna could be erected free of the fossa (applying force at 
the base of the scape with a needle caused the antenna to be 
rotated outward). 
Distally, the scape becomes enlarged and funnel-shaped at 
its articulation with the pedicel and has a thin, outer flange 
of cuticle that overlays the pedicel. 
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The pedicel is a broad, ovate structure with an outer, 
projecting shelf of cuticle that is armed with large bristles 
and an inner, distal, elevated circular process upon which the 
club articulates. 
The club consists of 10 annuli and has a mesally flat­
tened, longitudinally ovate configuration. The small, 
elongate basal annulus bears a proximal, narrow, neck-like 
structure termed the petiole (Wenk, 1953) which inserts into a 
circular cavity in the pedicel (figures 37. 38)» Proximally, 
the petiole has a cuticular disc (figure 51) (termed collar by 
Wenk, 1953) which connects with the articular membrane of the 
pedicel. The disc has an average diameter of 15.8 micrometers 
and an average thickness of 2.8 micrometers. The rim of the 
disc has periodic grooves with an average spacing of 1.9 micro­
meters. The petiole distal to the disc has an average diameter 
of 10.5 micrometers. The first 10 to 12 cuticular striae of 
the petiole have microtrichia-like projections that average 
1.7 micrometers in length (range 0.32 to 3.25 micrometers). 
Each striation has an average of 35 projections around the 
circumference of the petiole. The diameter of the petiole at 
the level of the projections is 22.1 micrometers. 
Approximately 20 microtrichia occur behind the basal 
annulus (figure 46). They average 2.5 micrometers in length 
(1.2 to 4.2) and 0.6 micrometer in diameter (0.56 to 0.75). 
The tenth annulus in both sexes has a peg-like sensillum 
oriented transverse to the longitudinal axis and inserted in 
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a deep socket (figures 39, 41, 43, 44). This sensillum is 
designated sensillum type A1 and is similar to the sensilla 
coeloconica. 
The type A1 projects dorsally (as do all club sensilla) 
and has an average length of 5.7 micrometers (4.2 to 6.7). 
The diameter of the sensillum base averages 1.5 micrometers 
(1.2 to 1.9) and the tip averages 0.9 micrometer (0.6 to 1.1). 
The socket has an average diameter of 3.9 micrometers (3.1 to 
5.2). There is a distal cleft or flute of the sensillum that 
is difficult to resolve but appears to be approximately 0.5 
micrometer across. 
The remaining external sensilla of the club display 
sexual dimorphism in both number and structure. The male 
(figures 35, 36, 39, 41) has the following sensilla: type A2, 
a short, highly tapered peg; type A3, a longer peg with a 
sharp tip; and type A4, a longer peg with a blunt tip. All 
three are of the sensilla basiconica type. 
Type A2 has the following average dimensions in micro­
meters: a length of 6.8 (5.0 to 9.0), a basal diameter of 
1.5 (1.0 to 1.8), a tip diameter of 0.5 (0.47 to 0.56), and 
a socket diameter of 2.7 (2.5 to 3.1). All specimens examined 
had three sensilla A2 located on the tenth annulus; two on the 
posterior, dorsal surface and one on the anterior, dorsal 
surface. 
Type A3 have a length of 10.6 micrometers (6.2 to 14.7), 
a basal diameter of 2.3 micrometers (1.7 to 2.9), a tip 
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diameter of 0.5 micrometer (0.4 to 0.7), and a socket diameter 
of 3.95 micrometers (2.0 to 4.6). Every specimen examined had 
four A3 sensilla, one each on the dorsal margins of annuli 6, 
7, 8, and 9. 
Type A4 have an average length of 11.1 micrometers (6.7 
to 17.4), a basal diameter of 2.7 micrometers (1.9 to 3.4), a 
tip diameter of 1.1 micrometers (0.5 to 1.8) and a socket di­
ameter of 4.9 micrometers (4.0 to 5.7). The five sensilla are 
distributed one each on the dorsal edges of annuli 7 and 9 and 
three on the dorsal tenth annulus. 
None of the three male sensilla have any external indi­
cations of pores, flutes, or other structures. 
Females (figures 37, 38, 43, 44) have a second external 
club sensillum, designated type A5, which is of the sensilla 
basiconica type. It has a length of 5.9 micrometers (3.9 to 
7.8), a basal diameter of 1.8 micrometers (1.2 to 2.3), a tip 
diameter of 1.3 micrometers (1.0 to 1.6), and a socket di­
ameter of 3.5 micrometers (2.9 to 4.3). The sensilla (usually 
only two) occur one each on the dorsal edges of annuli 7 and 
9. One specimen was observed with a third A5 sensillum on the 
proximal, dorsal, tenth annulus (the other antenna of the same 
specimen had only two sensilla A5 on annuli 7 and 9). Sen­
silla type A5 frequently have fluted surfaces measuring an 
average of 0.7 micrometer (0.4 to 1.0) between ridges. The 
tenth annulus of both sexes has a pore averaging 0,69 
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micrometer (0.35 to 1.0) on the anterior surface near the 
apex of the annulus. 
On the anterior surface of the club of both sexes, in the 
clefts between annuli 5, 6, and 7, can be seen three sensilla, 
designated type B1 (figures 35, 40, 41, 42, 43, 45, 49). The 
approximate dimensions of these sensilla in micrometers are: 
length, 13.8 (9.6 to 19.3); basal diameter of 2.8 (2.0 to 
4.1); tip diameter (proximal to the sharp taper), 2.1 (1.7 to 
2.4). The sensilium has a large number of irregular, longi­
tudinally oriented, cuticular keels (arrow, figure 40), with 
an average spacing of 0.42 micrometer (0.23 to 0.98). Between 
the keels are numerous, small, dark cavities that are probably 
depressions leading to pores (see Lewis, 1971); these average 
0.13 micrometer (0.07 to 0.23). 
The remaining club sensilla are located deep between the 
annuli, dorsal to the center of the club (figures 45 through 
50). They are organized in a precise arrangement, identical 
in both sexes. On the distal, interior surface of annuli 2 
through 9 is a deep pit that contains four sensilla: one sen-
sillum type B2 which is very short, resembling a microtrichum; 
two sensilla type B3 that are identical in length with a prox­
imal stalk and a distal club; and one sensilium B4 that is 
elongate with uniform diameter and is nearly identical to the 
sensilium type Bl. 
The distal, annular sensory pits have an average longitu­
dinal depth of 9.7 micrometers. The lower part of each pit 
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extends transversely toward the club center, and has a total 
transverse dimension of approximately 18 micrometers. The 
four pit sensilla have their bases arising at the inner end 
of the pit, near the club center, and the tips of sensilla B3 
and B4 lie below the pit orifice (figure 49). 
Sensilla B2 have the following average dimensions in 
micrometers: a broad, conical base with a diameter of 3.7 
(2.4 to 5.1), a length of 5.05 (4.6 to 5.6), and a tip diame­
ter of 0.93 (0.82 to 1.1). 
Sensilla B3 average 16.9 micrometers in length (15.0 to 
19.2), have a basal stalk diameter of 1.24 micrometers (1.0 to 
1.50), and a distal club diameter of 2.0 micrometers (1.7 to 
2.4). Sensilla B3 are irregularly keeled (similar to the B1 
sensilla) with an average keel spacing of 0.39 micrometer 
(0.29 to 0.56) and pore depressions between the keels of 0.1 
micrometer (0.06 to 0.16). 
Each sensilium B4 is located distal to the paired sen­
silla B3. The sensilla B4 average dimensions in micrometers 
are: length of 16.1 (13.2 to 19.2), a basal diameter of 2.3 
(2.0 to 2.8). and a tip diameter cf 2.1 (1.4 to 2.7). The 
sensillum is irregularly keeled, with an average keel spacing 
of 0.36 micrometer (0.23 to 0.75) and numerous pore depres­
sions measuring 0.13 micrometer (0.03 to 0.25). 
On the proximal surface of annuli 3 through 10, exactly 
opposite the distal sensory pits of annuli 2 through 9, are 
circular, shallow pits containing a single complex sensillum 
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designated type B5. The proximal, annular sensory pits have 
an average depth of 5.0 micrometers and an average diameter of 
9.2 micrometers. The entire pit projects approximately 3 
micrometers proximal to the rest of the annulus, thus placing 
the opposing pits in superposition, with only a small air 
space between them. The proximal sensory pit is oriented tan-
gentially to the club center and the pit axis is inclined 
approximately 45° to the proximal surface of the annulus. 
The sensilla B5 project dorsally and their tips are sep­
arated from the tips of sensilla B4 by approximately 1 to 2 
micrometers. The base of the sensilium is continuous with the 
floor of the pit and has a diameter of 2.0 micrometers (1.6 to 
2.3). The approximate length of type B5 is 4.11 micrometers 
(3.7 to 5.2). Distally type B5 is enlarged by the development 
of short, longitudinal ridges. The average diameter of this 
"club" is 2.07 micrometers (1.8 to 2.3). Three of the ridges 
(spaced at 120°) converge at the tip of B5 and have a length 
of 1.8 micrometers (1.3 to 2.4). Between these are two or 
three shorter, finite ridges that average 1.3 micrometers in 
length (0:85 to 2.1). The bases of the ridges have an average 
spacing of 0.6 micrometer (0.5 to 0.7) and the distal ends of 
the short ridges are 0.3 micrometer (0.2 to 0.4). The ridges 
have a basal thickness of 0.3 micrometer and a distal thick­
ness of 0.2 micrometer. 
Internally, the dorsal parts of annuli 2 through 5 have 
complex sensilla designated type B6, that Wenk (1953) termed 
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club-like sensilla (figures 45, 50). This sensillum has a 
central peg-like structure with a diameter of 1.5 micrometers. 
The center of the peg has a cavity measuring 0.48 micrometer 
(0.43 to 0.52). The peg is located at the center of approxi­
mately 12 concentric cuticular shells (11 to 13), each having 
an approximate thickness of 0.6 micrometer (0.35 to 1.0). the 
average diameter of the outermost shell is 11.0 micrometers 
(9.0 to 12.7). The second annulus has four of these sensilla 
(only three are visible in figure 50), the third annulus has 
three and annuli 4 and 5 have one each. 
The antero-dorsal shelf of the pedicel is armed with 
approximately 15 bristles (14 to 18), designated sensilla type 
CI. They have an average length of 91 micrometers (30.0 to 
175) and an average basal diameter of 3.6 micrometers (2.1 to 
5.7). The bristles at the center of the shelf are longest. 
The shafts are fluted, with an average spacing between ridges 
of 1.04 micrometers (0.7 to 1.25). 
The base of the pedicel has three hair plate type setae 
designated sensilla type Dl. One occurs on the dorsal side 
and two are located on the ventral side (figures 53 and 54). 
Their average dimensions in micrometers are: length, 8.5 
(6.7 to 9.7); basal diameter, 1.62 (1.4 to 1.8). 
The antero-dorsal surface of the scape is thickly armed 
with approximately 18 (15 to 22) medium to large bristles de­
signated sensilla type C2« Their average dimensions in micro­
meters are: length, 63.2 (30 to 132.2); basal diameter 2.88 
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(1.6 to 4.8). The fluted shafts have an average spacing 
between ridges of 0.9 micrometer (0,8 to 1.0). 
The proximal scape has a hair plate on its dorsal sur­
face consisting of approximately 8 (7 to 8) hairs designated 
sensilla type D2 (figures 55, 56, 57, 58). Their average 
dimensions in micrometers are; length, 11.4 (7.8 to 15.6); 
basal diameter, 1.98 (1.6 to 2.7). 
Figure 35. Left, male antenna, anterior surface. CI, club; 
D2, sensilla type D2; Pd, pedicel; Sc, scape. Arrow indicates 
sensilium type Bl. The upper Surfaces are dorsal and the 
lower surfaces are ventral. Bar represents 18.9 micrometers. 
Figure 36. Right, male antenna, posterior surface. CI, 
sensilla type CI; C2, sensilla type C2; Pd, pedicel. Most of 
the bristles and the pegs on the club are located on the 
dorsal surface of the antenna. Bar represents 19.6 micro-
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Figure 37. Female antenna, montage. Cl, club; Pd, pedicel; 
Sc, scape. Bar represents 9.71 micrometers. 
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Figure 38# Female antenna, posterior surface. Bar represents 
10.5 micrometers. 
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Figure 39. Posterior, dorsal surface of club of male antenna» 
Al, A2, A3, A4, sensilia type A. Arrow indicates apical pore. 
Bar represents 4.90 micrometers. 
Figure 40. Anterior surface of club of female antenna. 
Arrow indicates sensilium Bl. 6, 7, 8, annuli 6 to 8. Bar 
represents 2.25 micrometers. 
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Figure 41. Dorsal, anterior surface of male antenna. Al, 
coeloconic type peg in pit of tenth annulus; A2, short, sharp-
tipped pegs on tenth annulus; A3, long, sharp-tipped pegs 
(one each on annuli 6, 7, 8, and 9); A4, long, blunt-tipped 
pegs (one each on annuli 7 and 9 and three on the tenth 
annulus); Bl, three sensory pegs between annuli 5, 6, 7, and 
8; 5, 6, 7, 8, 9, 10, annuli 5 to 10. Bar represents 4.04 
micrometers. 
Figure 42. Sensillum Bl in cleft between annuli. 
sents 0.71 micrometer. 
Bar repre-
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Figure 43. Distal view of club of female antenna, dorsal 
surface. Al, A5, B1, sensilia; arrow indicates apical pore. 
Bar represents 5.22 micrometers. 
Figure 44. Dorsal surface of club of female antenna. Sen-
sillum Al (lower right comer) has an apical cleft. Dark 
cavity between annuli 9 and 10 is orifice to the distal, 
ninth, annular sensory pit. Small spheroids are fungal spores 
from nesting material* Bar represents 2.84 micrometers. 
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Figure 45. Long section of club of male antenna (sectioned 
with single-edged razor blade), Bl, sensilium B1 of fifth 
annulus; pt» petiole. Bar represents 10.1 micrometers. 
Figure 46. Long section of club of male antenna. Arrow indi­
cates microtrichia in cleft between annuli 1 and 2. B2, 3, 4, 
sensilia B2, 3, and 4; 1, 6, annuli 1 to 6 (small hash marks 
dilineate boundaries). Bar represents 8.37 micrometers. 
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Figure 47. Long section of club. B2, sensillum type B2. 
Numbers indicate annuli 4 through 9. Note that annul! are 
fused just central to the pits (arrow). Bar represents 3.76 
micrometers. 
Figure 48. Long section of club. Wall between pits of 
seventh annulus is approximately 1 micrometer thick. B3, B4, 
B5 are sensilia type B. Numbers indicate annuli 7 and 8. Bar 
represents 1.06 micrometers. 
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Figure 49. Distal surface of fifth annulus, showing sensory 
pit orifice; bottom right is dorsal, top right is anterior. 
Sensillum B4 lies above the paired sensilla B3. B1 lies par­
allel to the anterior surface of the club. Bl, type Bl. Bar 
represents 3.04 micrometers. 
Figure 50. Long section of base of club. Three circular 
sensilla B6 are exposed on the second annulus, just anterior 
to the sensory pit. Bar represents 4.55 micrometers. 
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Figure 51. First annulus of club of antenna. Note projec­
tions of striae on the proximal petiole and the basal circular 
disc. Bar represents 3.53 micrometers. 
Figure 52. Cavity in distal pedicel where the club petiole 
articulates. Sensilla type B7 are arranged in two tiers 
around the walls of the cavity. Bar represents 1.88 micro­
meters . 
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Figure 53. Pedicel of antenna. Note single D1 sensilla near 
the dorsal, proximal margin. Bar represents 5.33 micrometers. 
Figure 54. Pedicel of antenna, ventral side. Dl, sensilla 
type Dl. Bar represents 4.77 micrometers. 
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Figure 55. Longitudinal ethanol cryofracture through dorsal 
head and thorax, a, antenna; mn, mesonotum; pn, pronotum; 
arrow indicates exposed articulation of antenna. Bar repre­
sents 69.0 micrometers. 
Figure 56. Same specimen as above, detail of articulation of 
antennae. Arrow indicates hair plate on scape (sensilia D2). 
Bar represents 11.7 micrometers. 
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Figure 57. Dissected antenna, hair plate (sensilla type D2) 
at base of scape. Bar represents 5.78 micrometers. 
Figure 58. Ethanol cryofracture exposing articulation of 
antenna. Note hair plate (sensilla type D2). The sensilla 
tips project proximally. Bar represents 3.07 micrometers. 
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The Maxillary Palps 
The maxillary palps articulate on tetrahedral-shaped, 
ventrally projecting cuticular processes, the maxillae or 
maxillary lobes (figures 3, 5, 6, 59, 60). The maxillae are 
medio-anteriorly produced into thin, vertical flanges forming 
the anterior edge of the "tetrahedron" (figure 59). The outer 
faces of the maxillae are concave to accommodate the adducted 
maxillary palps, and the inner faces are concave to accommodate 
the fascicle of stylets (the two laciniae and single epiphar= 
ynx). The posterior faces of the maxillae are bluntly rounded 
(figure 60). Within the oral angle, the anterior flanges of 
the maxillae are dorsally produced into keels (the mesal 
angles of Snodgrass, 1946) that are covered with microtrichia 
(figure 61). 
In the following observations of the maxillary palps-
which consist of four segments, the designated surfaces refer 
to the palps adducted against the maxillae. The anterior sur­
faces are characterized by numerous bristles on distal 
segments one, two, and three. The outer surface of each palp 
can be recognized by two recurved pegs on distal segments two 
and three, and by a sensory field of 17 pegs on outer, distal 
segment four (figures 59, 60, 67, 68). 
The total length of the palps averages 423.5 micrometers 
(range 393 to 451). The segments of the palps, each of which 
are distally enlarged, have the following average dimensions 
in micrometers (numbering from the base). The lengths are: 
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1, 113.3 (120 to 132); 2, 136.4 (126 to 154); 3, 73.2 (69 to 
81); and 4, 105.9 (104 to 110). The basal diameters are: 1, 
34.2 (26 to 50); 2, 38.6 (36 to 44); 3, 35.1 (28 to 41); and 
4, 35.0 (28 to 41). The distal diameters are: 1, 44.2 (29 to 
53); 2, 53.3 (48 to 59); 3, 52.2 (48 to 59); and 4, 22.4 (21 
to 25). The fourth segment is distally flattened in the 
antero-posterior axis; however, it has a maximum average 
breadth of 57.8 micrometers (54.0 to 60.9) near the center of 
the segment» 
The sensory field on distal segment four begins proxi-
mally at the widest part of the segment (center of the outer 
surface) and continues along the outer and distal edges to 
just inside the apex of the segment (figures 69 through 80). 
The sensory field contains 17 pegs, designated sensilla type 
A, that are similar to sensilla basiconica and consist of 
three subtypes arranged in a precise pattern, identical in 
both sexes (figure 70). 
The largest sensilla, designated type Al, are nine in 
number and occur in a line along the edge of the segment; the 
first, proximal sensillum is displaced slightly toward the 
posterior surface. The average dimensions of type A in micro­
meters are: length 12.9 (9.1 to 17.2), basal diameter 3.1 
(2.1 to 4.2), tip diameter 1.8 (1.3 to 2.5), and socket di­
ameter 6.4 (4.7 to 7.5). The five sensilla type A2 are 
intermediate in length and are located on the anterior side 
of the sensory field: two near the second Al, two proximal 
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to the fifth Al, and one near the eighth Al. The average 
dimensions of type A2 are: length 5.4 (3.2 to 7.8), basal 
diameter 2.1 (1.4 to 3.3), tip diameter 1.0 (0.6 to 1.4), and 
socket diameter 3.2 (2.4 to 4.5). The three sensilla type A3 
are shortest and occur on the posterior side of the sensory 
field* one proximal to the fifth Al and two near the eighth 
Al. The average dimensions of type A3 are: length 2.48 (1.9 
to 3.7), basal diameter 1.5 (1.3 to 1.7), tip diameter 0.85 
(0.4 to 1,3); and socket diameter 2.3 (1.9 to 2.9). No pores 
or flutings were observed on type A sensilla, even at 32,000 X 
(figure 82). During preparation, many type Al were broken, 
thus allowing determination of the basal wall thickness which 
averaged 1.2 micrometers (1.0 to 2.3) (figures 67, 78, 81). A 
single type A3 was broken and the basal wall measured 0.8 
micrometer. The floors of the sockets of sensilla type A are 
apparently composed of flexible cuticle as indicated by their 
appearance in figures 67 and 73 through 81. The same struc­
ture is seen in the living specimen (figure 72) thus probably 
ruling out artefact as causing the appearance. 
Two pores occur distaliy on the anterior surface of seg­
ment 4. The first is near the proximal end of the sensory 
field and averages 0.7 micrometer in diameter (0.6 to 0.9) and 
the other occurs near the sixth and seventh Al sensilla (some­
times between them — see figures 77, 78, 79) and average 0.8 
micrometer in diameter (0.4 to 1.0). 
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The fourth segment has thirteen sensilia designated type 
B that are similar to sensilia trichodea. Four occur on the 
postero-distal surface, evenly spaced in an arc roughly par­
allel to the sensory field; three occur along the inner 
surface ; two are located on the medio-anterior surface; and 
four are clustered on a transverse line on the outer surface 
midway between the base and the sensory field. Unlike the 
type A sensilla, type B vary somewhat in position, although 
holding the general pattern just described. The dimensions of 
the type B sensilla become reduced toward the distal end of 
the segment. The average dimensions are: length 17.9 (7.8 
to 27.4), basal diameter 2.2 (1.4 to 2.9), tip diameter 0.5 
(0.3 to 0.6) and socket diameter 3.6 (2.3 to 5.3). A few of 
the type B display longitudinal fluting of the shaft, aver­
aging 0.6 micrometer (0.5 to 0,8) between ridges* 
Six pegs similar to sensilla basiconica and designated 
sensilla type A4 occur on distal segments 2 and 3. Four of 
the pegs are strongly recurved and occur two each on the outer 
surface of segments 2 and 3 (figures 67 and 68), and two are 
slightly recurved and are each located medially on the antero-
distal surface of both segments (figures 60, 79). The two, 
outer, type A4 on each segment are separated by one bristle, 
while the medial A4 is separated by two bristles from the 
nearest outer A4. The average dimensions of type A4 sensilla 
are J length 15,5 (9.9 to 20.5), basal diameter 3.7 (2.7 to 
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4.7), tip diameter 2.0 (1.5 to 2.4), and socket diameter 6.2 
(5.2 to 7.6). 
Palp segments one, two, and three have numerous medium 
sized bristles on the anterior surface, that are designated 
sensilla type C and are intermediate between sensilla chaetica 
and sensilla trichodea. Fifteen type CI occur on segment one 
and have the following average dimensions: length 46.7 (19.2 
to 72.1), basal diameter 3.5 (1.8 to 5.0), tip diameter 0.7 
(0.5 to 0,8); and socket diameter 5.0 (4.1 to 6.3). All are 
longitudinally fluted with an average of 0.8 micrometer be­
tween ridges (0.5 to 1.4). 
Eighteen type C2 occur on segment two and have the 
following average dimensions: length 38.3 (22.3 to 53.5), 
basal diameter 3.2 (2.4 to 4.0), tip diameter 0.7 (0.5 to 
0.8), socket diameter 5.0 (3.2 to 6,0), and fluted spacing of 
0.8 (0.5 to 1.4). 
Eleven or twelve type C3 occur on segment three which 
have the following average dimensions: length 31.2 (19.9 to 
47.7), basal diameter 2.8 (2.1 to 4.0), tip diameter 0.66 
(0.6 to 0,7), socket diameter 4.8 (3.7 to 6.7), and a fluted 
spacing of 0.7 (0.5 to 1.3). 
A hair plate consisting of two sensilla type D is located 
at the base of segment one at the inner margin (figures 61, 62). 
The average dimensions are: length 10.9 (10.4 to 12.0), basal 
diameter 2.0 (1,3 to 2.5), tip diameter 0.4, and socket di­
ameter 3.1 (2.9 to 3.2). 
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The maxillae have two large, curved bristles each, desig­
nated sensilla type C4, located just dorsal and medial to the 
base of the palp. The average dimensions are: length 57.6 
(48.8 to 72.1), basal diameter 5.3 (3.6 to 6.0), tip diameter 
0.7, socket diameter 5.8 (4.4 to 7.6), and fluted spacing of 
1.0 (0.6 to 1.4). 
Each maxilla has a field of microtrichia that extends 
dorsal from the base of the palp to the inside face of the 
keel (figure 61). The anterior margin of the field corre­
sponds roughly with the anterior margins of the peristome 
(Snodgrass, 1946). The microtrichia vary in length from 0.5 
to 4.5 micrometers; the average distal diameter is 0,5 micro­
meter (0.4 to 0.7). 
Figure 59. Inside surface of maxilla (on left); inner, 
posterior surface of maxillary palp. Arrow indicates anterior, 
vertical flange. Bar represents 33.3 micrometers. 
Figure 60. Posterior surface of maxilla; anterior, outer sur­
face of maxillary palp (palp is rotated out of normal posi­
tion). Arrow indicates outer recurved pegs (separated by a 
bristle) on distal segment 2. Bar represents 27.8 micrometers. 
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Figure 61. Outer surface of keel of maxilla and base of 
maxillary palp. Note field of raicrotrichia from palp to keel. 
C4, sensilla type C4; D, sensilla type D. Bar represents 
7.17 micrometers. 
Figure 62. Base of maxillary palp; sectioned by ethanol cryo-
fracture. Note cavity in cuticle at the base of the type D 
sensillum. D, sensillum type D. Bar represents 5.65 micro­
meters • 
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Figure 63. Sensilla type CI on first segment of maxillary 
palp. Bar represents 3.91 micrometers. 
Figure 64. Distal first segment of maxillary palp; note small 
pore on distal segment one,and two larger pores on basal seg­
ment two. Bar represents 3.62 micrometers. 
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Figure 65. Distal second segment of maxillary palp; outer, 
anterior surface. A4, sensillum type A4. Bar represents 3.62 
micrometers. 
Figure 66. Distal third segment; outer, anterior surface. 
The outermost sensillum type A4 is broken. Note membranous 
cuticle between segments three and four. B, sensilia type B. 
Bar represents 3.62 micrometers. 
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Figure 67. Third and fourth segments of maxillary palp; outer 
posterior surface. The sensilla type Al in the sensory field 
were broken during preparation. Two A2 sensilla are visible 
at the proximal end of the sensory field and two type A3 are 
visible at the apex of the palp. A2* sensilla type A2; A4, 
sensilla type A4 (recurved); arrow indicates sensilla type A3. 
Bar represents 8.73 micrometers. 
Figure 68. Distal second and third segments of maxillary 
palp. Bar represents 9.05 micrometers. 
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Figure 69. Posterior surface of distal maxillary palp; living 
specimen. Bar represents 14.5 micrometers. 
Figure 70. Sensory field of same specimen in figure 69. One 
sensillum type B has a strong charging field (top, center). 
Al, A3, sensilla type A (9 Al, 3 A3); B, sensilla type B; 
arrows indicate four sensilla type A2 (fifth A2 is behind the 
proximal Al). Bar represents 7=49 micrometers. 
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Figure 71. Distal maxillary palp; living specimen. Posterior 
surface is left. Bar represents 4.61 micrometers. 
Figure 72. Higher magnification of specimen in figure 71. 
Note wrinkled appearance of cuticle in sockets of type Al. 
Alt A3, B, sensilla type A, B. Bar represents 1.46 micro­
meters . 
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Figure 73. Antero-distal surface of fourth segment of maxil­
lary palp. Note the distal pore. Al, A2, A3, B, sensilia. 
Numbers are designations of Al, beginning from the proximal 
origin of the sensory field. Bar represents 4.61 micrometers. 
Figure 74. Distal fourth segment, first of three micro­
graphs. Al, A3, sensilla. Numbers are designations of type 
Al. Bar represents 2.69 micrometers. 
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Figure 75. Distal fourth segment of maxillary palp, second 
of three micrographs. A2, paired pegs A2 on anterior side of 
sensory field; 5, 6, designations of type Al. Bar represents 
2.95 micrometers. 
Figure 76. Distal fourth segment of maxillary palp, third of 
three micrographs. Note pore near two proximal sensilla type 
A2; note also that shafts of type Al appear to have a longitu­
dinal depression. A2, paired pegs AZ? 1, 5, designations of 
type Al. Bar represents 2.85 micrometers. 
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Figure 77. Distal fourth segment of maxillary palp. Pos­
terior surface is behind the sensory field. Note distal pore 
between sixth and seventh type Al. 6, 7, 8, designations of 
Al. Bar represents 3.01 micrometers. 
Figure 78. Distal fourth segment (same specimen as figure 
77). Note base of broken Al, the small central pore and 
apparently thick wall. Type A3 (posterior to fifth Al) is 
button-shaped in this specimen. 3, 4. 5, designations of 
type Aii Ear represents 2.97 micrometers. 
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Figure 79. Distal fourth segment of maxillary palp. Anterior 
surface is on the left. Arrow indicates a medial type A4. 
Bar represents 6.87 micrometers. 
Figure 80. Distal fourth segment of maxillary palp. Lower 
surface is anterior. Note proximal (left) and distal pores, 
just anterior to sensory field. Bar represents 7.04 micro­
meters . 
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Figure 81. Distal fourth segment of maxillary palp. Note 
broken sens ilium type Al on posterior face of segment: wall 
is approximately 1.7 micrometers thick. Structures that ap­
pear to be pores on the two type A3 tips are pieces of dirt. 
Bar represents 1.55 micrometers. 
Figure 82. Tip of sensilium type A4, distal third segment of 
maxillary palp. Surface appears smooth except for some detri­
tus. Bar represents 0.31 micrometer. 
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The Maxillary Laciniae 
The two maxillary laciniae are long, heavily armed cut­
ting stylets that arise medial to the base of the maxillae 
(maxillary lobes). The laciniae enclose the epipharynx form­
ing an epipharyngeo-lacinial tube (Snodgrass, 1946) or a 
fascicle of three stylets. The fascicle (figures 83, 84) has 
an average length of 598.2 micrometers (range of 566 to 636). 
The average lateral basal diameter is 79.6 micrometers (77.0 
to 83.6), the mid-fascicle diameter is 80«? (76.8 to 87.2) and 
the tip diameter is 59.3 (40.0 to 69.2). 
The designated surfaces refer to the maxillary laciniae 
in their normal, ventrally projecting position (see figure 83). 
The outer surface of each lacinia is heavily armed with sev­
eral rows of teeth (figures 86 through 98). The teeth are 
organized structurally into three distinct rows on each of the 
posterior and anterior surfaces of each stylet. The posterior 
rows are the mirror image of the anterior rows, the two re­
gions of teeth being separated the length of the stylet by a 
central region of smooth cuticle (figure 90). The apical, 
outer, central surface of each stylet has a short row of three 
or four stout teeth. 
On the margins of the stylets occur a row of small, prox-
imally projecting denticles, numbering 16 anteriorly and 47 
posteriorly. The anterior denticles arise near the tip and 
have a length of 3.1 micrometers and a width of 1.6 micro­
meters. The posterior row of denticles arise near the middle 
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of the stylet and have a basal length of 6.5, a distal length 
of 4.2, and a width of 1.8 micrometers. The distal-most den­
ticles (anterior and posterior rows) are elongated and 
recurved and protrude from the apices of the stylets (figures 
92 and 93). 
The cutting surfaces of the stylets are formed by the 
anterior and posterior rows of retrorse teeth, which average 
62 teeth per row. Each tooth resembles a shark tooth and has 
a proximal cusp extending back from the proximal edge of the 
tooth. The dimensions of the teeth near the base of the sty­
let are length 12.2 and width 6.1 micrometers; dimensions at 
mid-stylet are length 13.3 and width 15.0; and near the tip, 
length 5.8 and width 5.4 micrometers. The cusps have the 
following average lengths: basal stylet 2.0, mid-stylet, 5.0, 
and distal stylet 2=0 micrometers. 
Central to each row of retrorse teeth is a row of trans­
versely elongate teeth, of which the central edges are tooth­
like. The central rows average 63 teeth per row. The teeth 
near the base of the stylet are 11.5 micrometers long and 
12.3 micrometers wide; dimensions near mid-stylet are length 
14.6, width 24.3 micrometers; and distal dimensions are length 
5.6 and width 5.3 micrometers. The teeth of the central rows 
are inclined at various angles to the axis of the stylet, 
ranging from 30° to 50°, with the greatest inclination occur­
ring from the middle to the distal part of the stylet. 
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The apical rows of teeth on the center of each side are 
inserted on a distal extension of cuticle (figures 103 and 
104). The lengths of the teeth are (numbering from the base): 
1, 3.3; 2, 4.4; and 3, 5.9 micrometers. The widths of the 
teeth are 1, 1.2; 2, 2.1; and 3, 2.4 micrometers. 
The mesal surface of the stylets are organized into three 
zones (figures 99 through 105): the anterior zone, extending 
from the anterior edge to the longitudinal sulcus which ac­
cepts the lateral flange of the epipharynx (see below); the 
epipharyngeal zone, extending from the sulcus to the salivary 
canal; and the posterior zone extending from the salivary 
canal to the posterior edge of the stylet. The average di­
mensions of the zones at the base are: anterior zone 17.3 
micrometers, epipharyngeal zone 19.0 micrometers, and poster­
ior zone 20,5 micrometers. Near the middle of the stylet» 
the zones measure; anterior zone 16.6, epipharyngeal zone 
20.6, and posterior zone 16.4. The dimensions near the tip 
are: anterior zone 15.7, epipharyngeal zone 18.3, and pos­
terior zone 8.6 micrometers. The anterior zone, from mid-
stylet to the apex is covered with a distally increasing 
number of microtrichia (figures 87, 88, 89, 94, 102 through 
105), that have an average length of 4.3 (1.9 to 6.4) micro­
meters and an average diameter of 0.46 (0.29 to 0.59) micro­
meter. The central zone consists of smooth cuticle, devoid 
of any features. 
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The salivary canal begins at the base of the stylet 
(figure 99) and continues to the apex, where a cuticular flap 
covers the end of the canal (figures 102, 103). The canal is 
formed from an infolding of the mesal wall of the stylet. On 
the posterior wall of the canal, a thin carina of cuticle is 
formed that projects from the salivary canal. The carina is 
segmented into elements, the distal ends of which are formed 
into tooth-like projections, the salivary teeth. The elements 
have the following lengths; basal, 13.3? mid-stylet, 10,3; 
apical, 7.7 micrometers. The lengths of the teeth are; 
basal, 4.1; mid-stylet, 3.8; and distal, 3.2. The carina 
averages a thickness of 0.73 micrometer. The distal-most 
teeth are elongated and recurved and project outward from the 
posterior margin of the apical lacinia (figures 98, 103, 104). 
The cuticular flap at the end of the salivary canal has 
an average length of 17.4 micrometers (13.0 to 21.2), a basal 
width of 10.6 (8.1 to 12.7) and an apical width of 8.1 (6.2 
to 9.6) micrometers. Its distal margin has a fine serrate 
edge. 
Figure 83. Anterior surface of fascicle consisting of two 
outer maxillary laciniae and the central epipharynx (arrow). 
Bar represents 9.22 micrometers. 
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Figure 84. Anterior surface of fascicle. Bar represents 43.5 
micrometers• 
Figure 85. Base of maxillary laciniae, anterior surface. 
Note microtrichia on the bases of the laciniae. k, keel of 
maxilla. Bar represents 8.10 micrometers. 
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Figure 86. Anterior surface of fascicle, basal origin of 
teeth, r, retrorse teeth; t, central teeth. Bar represents 
7.17 micrometers. 
Figure 87. Anterior surface of middle fascicle, ep, epiphar-
ynx; r, retrorse teeth; t, central teeth. Bar represents 8.03 
micrometers « 
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Figure 88. Anterior surface of fascicle between middle and 
tip. Note the reduction in size of the teeth, the 50 angle 
of the central teeth to the axis of the fascicle, and the 
appearance of sparse microtrichia on the anterior zone of the 
mesal lacinia. Bar represents 8.03 micrometers. 
Figure 89. Anterior surface of tip of fascicle. Note distal 
reduction in size of teeth and change of structure. Anterior 
denticles can be seen on each lacinia. Microtrichia are dense 
on the anterior zone of the mesal lacinia, ap, apical teeth 
(rov cf three or four teeth, center of outer surface of laci­
nia), arrows indicate anterior denticles. Bar represents 
8.06 micrometers. 

Figure 90. Outer surface of lacinia. Retrorse teeth can be 
seen on the margins of the stylet, central teeth border the 
central, smooth region of cuticle. Bar represents 16.7 micro­
meters . 
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Figure 91. Apical view of fascicle, ad, anterior denticles; 
ap, apical teeth; ep, epipharynx; pd, posterior denticles. 
Bar represents 3.58 micrometers. 
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Figure 92. Posterior, apical surface of lacinia. ap, apical 
teeth; pd, posterior denticles; r, retrorse teeth; st, row of 
teeth along salivary canal; t, central teeth. Bar represents 
2.37 micrometers. 
Figure 93. Same specimen as figure 92, different angle of 
view. Bar represents 1.17 micrometers. 
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Figure 94. Anterior surface of fascicle. Note microtrichia 
lined up in rows ; each nodule of the epipharynx appears to 
have a proximal pore (arrow). Bar represents 2.75 micrometers. 
Figure 95. Posterior surface of base of fascicle, r, retrorse 
teeth; t, central teeth. Bar represents 9.09 micrometers. 
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Figure 96. Posterior surface, mid-fascicle. Arrow indicates 
row of posterior denticles. Bar represents 9.57 micrometers. 
Figure 97. Posterior surface of lacinia. Note wrinkled, 
probably flexible cuticle around teeth, pd, posterior denti­
cle. Bar represents 3.72 micrometers. 
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Figure 98. Posterior surface of tip of fascicle, st, row of 
teeth along salivary canal, the salivary teeth. Bar repre­
sents 9,05 micrometers. 
Figure 99. Mesal surface of maxillary lacinia, whole stylet. 
Bar represents 37.7 micrometers. 

Figure 100. Mesal surface of base of lacinia. az, anterior 
zone; ez, epipharyngeal zone; pz, posterior zone; se, salivary 
canal; su, sulcus that accommodates the lateral flange of the 
epipharynx. Bar represents 7.81 micrometers. 
Figure 101. Mesal surface of base of lacinia. Indentations 
on anterior zone reflect the positions of the teeth on the 
outer surface. Note microtrichia on membranous cuticle of 
anterior surface of the labium. The membranous flap of the 
labium probably rests against the outer surface of the 
fascicle. Lb, labium. Bar represents 7.49 micrometers. 
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Figure 102. Mesal surface of mid-stylet. Note sparse mlcro-
trichia on cuticle of anterior zone. Bar represents 8.03 
micrometers. 
Figure 103. Mesal surface of tip of lacinia. Microtrichia 
are in distinct rows near the distal end of the anterior zone. 
Note the flap of cuticle (salivary flap) covering the distal 
end of the salivary canal, sf, salivary flap; st, teeth 
lining the salivary canal = Bar represents 7.S? nîicrcîr.etsrs. 
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Figure 104. Mesal surface of tip of lacinia. Note salivary 
flap partially opened. Arrow indicates mesal surface of 
anterior denticles. Bar represents 4.17 micrometers. 
Figure 105. Microtrichia on cuticle of anterior zone of mesal 
lacinia. Note wrinkles in cuticle that probably indicate 
flexibility. Ear represents 1.21 micrometers. 
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The Epipharynx 
The epipharynx is an elongate cuticular stylet arising 
above the hypopharynx between the bases of the maxillary 
laciniae» The base of the epipharynx forms the dorsal part of 
the cibarial pump (Snodgrass, 1946; Wenk, 1953). 
The epipharynx averaged 628.1 micrometers in length (590 
to 647, measured from near the base of the labrum)• The 
antero-posterior depth of the epipharynx averaged 24.7 mi­
crometers near the base, 37.2 near the middle of the stylet, 
and 25.8 micrometers at the tip. The average widths in micro­
meters were: base, 28.0; middle, 18.9; and tip, 12.5. 
The ventral surface of the epipharynx is formed into two 
cuticular flanges that run the length of the stylet (figures 
106, 107, 110, 111, 112). The flanges form the walls of the 
food canal which averages 7.4 micrometers in diameter (figures 
i.uo , IV/ , iiu) . 
Anteriorly, a series of 14 nodules are formed that are 
stout cuticular bosses connected by a thin cuticular flange 
(figures 87, 88, 89, 94, 106, 108, 109, 110). The nodules 
arise just distal to the basal one-third of the stylet and 
continue to the tip. The first two nodules are spaced an 
average of 45.4 micrometers apart; nodules 6 and 7 average 
37.4 micrometers apart, and nodules 13 and 14 average 11.2 
micrometers apart. The nodules average 3.0 micrometers in 
diameter. The anterior surface of several nodules shows 
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indications of a pore averaging 0.38 micrometers in diameter 
(figures 88, 89, 94, 109). 
Laterally, cuticular flanges are formed along the full 
length of the stylet (figures 106, 108, 111, 112, 115), In 
some specimens, the flanges lack distinct form near the center 
of the stylet (figure 110). The flanges have an average thick­
ness of 4.6 micrometers (3.6 to 5.7). Dorsal to each flange 
is a cuticular fold appressed against the stylet, that begins 
near the fourth nodule and continues to the base of the stylet 
(figure 110). 
The epipharynx distally has sixteen tooth-like cuticular 
formations that form a transverse row across the apex of the 
stylet (figures 106, 111, 112). The teeth are of five dis­
tinct types arranged in two bilaterally symmetrical sets. 
Proximally in each set is a single tooth (the lateral tooth) 
lying on the distal origin of each lateral flange and measur­
ing 1.2 micrometers (0.8 to 1.4) in length and 2.2 micrometers 
(1.7 to 2.5) in diameter. Distal to each lateral tooth is a 
pair of rudimentary teeth, which average 1.3 micrometers (1.2 
to 1.5) in length and 2.1 micrometers (2.0 to 2.2) in basal 
diameter. Each lateral margin of the stylet apex is formed 
by a pair of distal teeth that average 4.7 micrometers (2.8 
to 5.9) in length and 2.4 micrometers (2.3 to 2.5) in diameter. 
Mesal to each pair of distal teeth is a deep cuticular 
cleft from which protrudes a complex, possibly articulated 
tooth, the tricuspid tooth. Apically, the tooth has anterior 
162 
and posterior cusps measuring 0.39 micrometer (0.34 to 0.43) 
and laterally a cusp that protrudes between the paired distal 
teeth and measures 0.67 micrometer (0.62 to 0.72). The tri­
cuspid tooth has an approximate length of 4.7 micrometers 
(2.8 to 5.9) and a distal width of 1.6 micrometers (1.5 to 
1.7). Mesal to each cuticular cleft is a pair of inner teeth 
that are set in sockets. The inner teeth measure 2.4 micro­
meters (1.8 to 3.0) in length, 2.2 micrometers (1.7 to 2.6) in 
antero-posteriors basal diameter, and 2.8 micrometers (2,7 
to 2.9) in lateral, basal diameter. The antero-posterior ex­
panse of the row of teeth averages 4.7 micrometers (4.4 to 
4.8). 
The epipharynx has a central internal canal that runs the 
length of the stylet (figure 110), measuring approximately 5.4 
micrometers in diameter. 
Anterior to the base of the epipharynx is the labrum, a 
small tongue of cuticle averaging 26.8 micrometers (22.5 to 
31.7) in length (figures 113, 114, 115). The distal margins 
of the labrum are covered with approximately 25 microtrichia 
averaging 7.2 micrometers (4.3 to il.5) in length and 0.85 
micrometer (0.6 to 1.1) in diameter. 
Posterior to the epipharynx is the hypopharynx, the dis­
tal end of which has been observed with the SEM. The hypo-
pharynx appears to be distally bifurcate, with each of the 
two horns appressed against the salivary canal of the lacinia 
(figure 114). The lateral edges of each horn are flattened 
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into a flexible flange that fits into the salivary canal 
(figure 115). The salivary duct of each horn appears to 
open along the flange near the apex of the horn. 
Figure 106. Montage of epipharynx. Anterior surface is left, 
fc, food canal; If, lateral flange ; arrow indicates nodules. 
Bar represents 22.2 micrometers. 
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Figure 107. Base of epipharynx, posterior view, 
canal. Bar represents 3.78 micrometers. 
fc, food 
Figure 108. Side view of distal epipharynx. If, lateral 
flange; nd, nodule (number 4). Bar represents 3.5 micro­
meters . 
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Figure 109. Anterior view of fascicle, 
possible pore in nodule of epipharynx. 
micrometers. 
Arrow indicates 
Bar represents 2.82 
Figure 110. Epipharynx, broken near center of stylet. Note 
the deformation in the cuticular fold, apparently a fistula 
through the cuticle, cc, central canal; cf, cuticular fold; 
fc, food canal; nd, nodule. Bar represents 2.33 micrometers: 
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Figure 111. Distal epipharynx, top left is anterior surface, 
i, paired inner teeth; It, lateral tooth; rt, paired rudimen­
tary teeth; tr, tricuspid tooth. Bar represents 1.33 micro­
meters . 
Figure 112. Distal epipharynx, anterior surface is top. fc, 
distal end of food canal. Bar represents 1.48 micrometers. 
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Figure 113• Ethanol cryofractvire section through base of 
mouth parts. Upper right is anterior, ep, epipharynx; k, 
keel of maxilla; 1, labrum; Ic, lacinia; If, fractured lateral 
flange of epipharynx. Arrow indicates salivary canal on mesal 
surface of lacinia. Bar represents 7.5 micrometers. 
Figure 114. Dissected mouthparts. Right side is anterior, 
h, hypopharynx (left side only, right side is missing); k, 
keel of maxilla; 1, labrum; ml, base of maxilla (inside sur­
face); sc, salivary canal. Arrow indicates left horn of 
hypopharynx appressed against salivary canal of mesal lacinia. 
Bar represents 16.1 micrometers. 
Figure 115. Dissected mouthparts. Right side is anterior, 
ep, epipharynx; h, hypopharynx; 1, labrum; Ic, left lacinia; 
If, lateral flange of epipharynx. Arrow indicates thin, outer 
flange of right horn of hypopharynx which fits into the 
salivary canal of the right lacinia (missing). Bar represents 
14.4 micrometers. 
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The Labium 
The labium is the most posterior appendage of the mouth-
parts, forming a protective sheath for the posterior surface 
of the fascicle. The labium consists of a postmentum (an 
internal rod), a prementum, and a pair of two-segmented palps 
(figure 116). The designated surfaces refer to the labium in 
its normal, ventrally projecting position. 
The length of the labium from the base of the prementum 
to the distal tips of the palps, averages 528.9 micrometers 
(451 to 584). The base of the prementum has an average width 
of 62.0 micrometers (59 to 68) and an average depth of 55.1 
micrometers (51 to 59). The prementum has an average width 
of 80.9 micrometers (67 to 97) at the origin of the palps. 
The distal prementum has a narrowed, flattened surface (the 
notch of the prementum, Snodgrass, 1946) that averages 18 
micrometers in width. 
The palps have an average length of 373.4 micrometers 
(353 to 394). The first segment has the following average 
dimensions in micrometers: length, 158.1 (162 to 168); basal 
width, 36.7 (29 to 45); and distal width of 32.9 (2.6 to 39). 
The average dimensions of the second segment in micrometers 
are: length, 244 (225 to 277); basal width, 47.0 (36 to 57); 
and tip width of 19.0 (17.6 to 20.4). 
The prementum and the palps are concave anteriorly to 
accommodate the fascicle. The anterior surface of the premen­
tum is covered with microtrichia that average 6.6 micrometers 
175 
(2.7 to 15.2) in length and 0.7 micrometer in diameter 
(figures 124, 125, 127). The anterior surfaces of the palps 
are devoid of microtrichia but have well-developed striae 
(figures 126, 128, 129). . 
The posterior surface of the prementum is strongly 
sclerotized with well-developed striae. The base of the pre­
mentum has a fold or crease on each side and a central, basal 
longitudinal cleft (figure 117). Distally, on the posterior 
surface of the prementum, the articular cuticle at the base 
of each palp has microtrichia that average 4.5 micrometers 
(1.7 to 8.7) in length and 0.75 micrometer (0.6 to 0.8) in 
diameter (figure 118). 
The first segment of each palp has four bristles, desig­
nated sensilla type C; one located laterally near the base; 
one located near the center of the segment: and two located on 
the distal, lateral surface. The basal sensillum (type CI) 
averages 41.0 micrometers in length and 2.6 micrometers in 
basal diameter. The central bristle (type C2) averages 50.4 
micrometers (47 to 54) in length and 3.4 micrometers (3.4 to 
3.5) in basal diameter. The distal bristles (type C3) aver­
age 83.1 micrometers (79 to 87) in length and 3.9 micrometers 
(3.4 to 4.7) in basal diameter. 
The second palp segment has three lateral grooves on the 
posterior surface, appearing to form pseudojoints ; two are 
located in the lower one-half of the segment (figures 120, 
121) and the third near the apex (figures 122, 123, 128). 
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Two sensilia type C4 are located just proximal to the 
first pseudojoint and average 77.6 micrometers (70 to 81) in 
length and 3.7 micrometers (3.6 to 3.8) in basal diameter. 
Two sensilla type C5 are located just proximal to the second 
pseudojoint and average 79.8 micrometers (68 to 87) in length 
and 4.0 micrometers in diameter. Three sensilla type C6 are 
located along the posterior margin of the third pseudojoint 
averaging 44.8 micrometers (37 to 50) in length and 2.7 micro­
meters (2.3 to 3:2) in basal diameter. 
All of the sensilla type C have similar-sized sockets 
averaging 6.0 micrometers (4.5 to 7.0) in diameter. Sensilla 
CI through C5 have fluted shafts that average 1.1 micrometers 
between fluted ridges. Sensilla type C6 have fluted shafts 
that measure 0.8 micrometer between fluted ridges. 
Posterior to the base of the labium, the cuticle is mem­
branous and covered with a few, short microtrichia. A deep 
longitudinal cleft extends across the membranous cuticle from 
the base of the labium to the head capsule (figures 124, 125). 
Figure 116. The labium, posterior surface. Ipl, segment one 
of labial palp; lp2, segment two of labial palp; pro, prementum. 
Bar represents 29.4 micrometers. 
Figure 117. Base of prementum, posterior surface, cr, lat­
eral crease; arrow indicates longitudinal cleft. Bar repre­
sents 8.85 micrometers. 
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Figure 118. Posterior surface of distal prementum, 
silium type C2. Bar represents 11.6 micrometers. 
C2, sen-
Figure 119. Posterior surface of labial palp, joint between 
segments 1 and 2. C3, sensilla type C3; C4, sensilla type C4 
ps, first pseudojoint. Bar represents 11.9 micrometers. 
180 
Figure 120. Distal labial palps, posterior surface. C4, C5, 
C6, sensilia type C4, C5, C6. Bar represents 19.0 micrometers. 
Figure 121. Posterior surface of second segment of labial 
palp; first pseudojoint and a sensillum C4. Bar represents 
3.12 micrometers. 
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Figure 122. Distal segment 2 of labial palp, showing 3 sen-
silla type C6 and third pseudojoint (arrow). Bar represents 
5.35 micrometers. 
Figure 123. End view of labial palp. All but one sensilla 
C6 have been broken. Arrow indicates third pseudojoint. Bar 
represents 8.69 micrometers. 
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Figure 124. Base of labium, side view; anterior is left. Bar 
represents 13.4 micrometers. 
Figure 125. Base of labium, anterior is left. Bar represents 
12.3 micrometers. 

Figure 126. Anterior view of joint between segments 1 and 2 
of the labial palp. C3, C4, sensilla type C3, C4. Bar repre­
sents 8.44 micrometers. 
Figure 127. Anterior 
sensilla type CI, C2. 
view of base of labial palp. CI, C2, 
Bar represents 8.44 micrometers. 
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Figure 128. Distal segment 2 of labial palps, anterior view. 
C6, sensilia type C6; arrow indicates third pseudojoint. Bar 
represents 9.26 micrometers. 
Figure 129. Distal segment 2 of labial palps, anterior view. 
C4, C5, C6, sensilla type C4, C5, C6. Arrow indicates second 
pseudojoint. Bar represents 10.6 micrometers. 
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The Prothorax 
The prothorax is composed of two, distinct, sclerotized 
regions, the dorsal pronotum and the ventral propleuroster-
num (figures 130, 131). 
Extending transversely around the pronotum is a central, 
dorsoventral ridge of cuticle on which are located two types 
of sensilla. Conspicuous are the large bristles, designated 
sensilla type C, between which are located small, hair-like 
sensilla, designated type B (figures 131, 132, 134). 
The type B sensilla average 12.7 in number (range of 12 
to 14) and have the following average dimensions in micro­
meters; length, 25.6 (22 to 29); basal diameter 2.7 (2.0 to 
3.3); socket diameter, 5.1 (4.7 to 5.2); and a spacing between 
fluted ridges of 0.8 (0.6 to 0.9). 
The type C average 13.3 in number (13 to 14). and have 
the following average dimensions in micrometers: length of 
ventral bristle, 263.7 (254 to 271); length of dorsal bristle, 
143.9 (126 to 153); basal diameter, 6.6 (5.2 to 9.0); socket 
diameter, 12.7 (11 to 14); and a spacing between fluted ridges 
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The posterior margin of the pronotum is formed by the 
pronotal comb, a row of large, spine-like structures or cten-
idia (figures 130, 131, 132, 134, 136, 137). The average 
dimensions of the ctenidia in micrometers are: length of 
ventral ctenidia 88.3 (84 to 95); length of dorsal ctenidia, 
141.5 (136 to 150); basal diameter, 24.7 (22 to 27); lateral 
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spacing between fluted ridges, 3.2 (2.9 to 3.6); and a ventral 
spacing between fluted ridges of 3.8 (2.9 to 5.0). The cen­
tral, ventral surface of each ctenidium is formed into fine 
longitudinal flutings having an average spacing between ridges 
of 1.4 micrometers (1.2 to 1.9) basally and 0.7 micrometer 
distally (figure 137). 
Anterior to the dorso-ventral ridge of cuticle are found 
eight placoids, designated sensilia type E (figures 132 to 
135). Four are found on each side of the pronotum, two are 
located ventrally near the base of the ventral-most bristle, 
and two are located dorsally, approximately midway between the 
row of bristles and the anterior edge of the pronotum. The 
positions of the E sensilla vary considerably. SEN micro­
graphs show the type E as shallow, inconspicuous depressions 
in the cuticle averaging 3.4 micrometers (2,3 to 4=6) in diam­
eter. Using the light microscope, type E are well-defined, 
circular structures averaging 5.2 micrometers (4.6 to 5.5) in 
diameter. 
The dorsal, exposed integument of the pronotum has a 
large number of pores, averaging 2.2 per 2500 square micro­
meters and 0.8 micrometer (0.6 to 1.0) in diameter (figures 
132, 134). 
The membranous, articular cuticle between the prothorax 
and head is densely studded with small, sclerotized plates, 
designated spicules, which have posteriorly oriented- micro-
trichia-like projections (figures 138, 139). The spicules 
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average 3.9 micrometers (2.5 to 5.1) in width and 5.5 micro­
meters (3.0 to 7.1) in length. The spicule projections have 
an average tip diameter of 0.6 micrometer (0.5 to 0.8). 
The cervical sclerite is a longitudinally oriented, elon­
gate sclerotized plate located at the anterior junction of the 
pronotum and propleurostemum (figure 138). The cervical 
sclerite links the posterior head capsule to the prothorax and 
averages 44.8 micrometers (33 to 52) in length and 10.7 micro­
meters (7 to 14) in widths Dorsal to the cervical sclerite, 
the articular cuticle is spiculose, while ventrally the mem­
branous cuticle is covered with microtrichia. 
The microtrichia immediately adjacent to the cervical 
sclerite are very long with broad bases and have the following 
average dimensions in micrometers; length, 8.7 (3.5 to 15.7); 
basal width, 2.9 (2.0 to 3.9); and a distal diameter of 0.5 
(0.49 to 0.64). Several of the broken bases of the micro­
trichia appear to be porous, indicating that the microtrichia 
may have central lumens (arrows, figure 138). 
The microtrichia ventral to this region, between the head 
and the propleurostemum, are arranged in precise rows along 
the posterior margin of variously shaped polygons formed by 
shallow grooves in the membranous cuticle. Some of the micro­
trichia are stalked, the bases of two or more being joined 
into a common shaft (arrow, figure 140). The microtrichia 
average 4.5 micrometers (0.4 to 12.1) in length and 0.5 micro­
meter (0.4 to 0.6) in width. 
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The cuticle of the propleurosternum is formed into the 
typical pattern of striae, however, sensilla and pores are 
lacking (figures 130, 131). Postero-ventrally, the propleuro­
sternum is continuous (figure 142). The antero-ventral pro­
pleurosternum has a sternum-like process that extends into 
the membranous cuticle to a point midway between the bases of 
the coxae (figure 143). 
The intercoxal, membranous cuticle is studded with spic­
ules having the following average dimensions in micrometers: 
length, 4.1 (2.4 to 5.8); width, 4.0 (2.7 to 5.0); and tip 
diameter, 0.76 (0.49 to 1.1). 
Figure 130. Thorax, he, metacoxa; Im, lateral metanotal 
area; me, mesocoxa; me, metepistemum; mn, me sono turn; mp, 
metepimeron; ms, raesopleurosternum; mt, metanotum; pc,forecoxa; 
pn, pronotum; s, propleurosternum; T1, first abdominal tergite; 
arrow indicates posterior spiracular papilla. Bar represents 
123.4 micrometers. 
Figure 131. Prothorax. Note that the ventral margin (left) 
of the pronotum is cleft and that the anterior lobe overlaps 
the propleurostemum. B, C, sensilla types B, C; cm, pronotal 
comb; mn, mesonotum; ms, mesopleurostemum; mt, metanotum; 
pc , f orecoxa; pn. pronotum ; s , propleuro s tezmum: Bar repre­
sents 50.0 micrometers. 
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Figure 132. Dorsal pronotum. Note the transverse, dorso-
ventral ridge of cuticle along which are inserted sensilla 
type B and C. Numerous pores occur in this region. B, C, 
sensilla types B, C; cm, pronotal comb. Bar represents 10.9 
micrometers. 
Figure 133. Dorsal pronotum. A second, less distinct placoid 
lies ventral to the labeled one (E). B, C, E, sensilla types 
B, C, E. Bar represents 3.34 micrometers. 
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Figure 134. Dorsal pronotum. B, C» E, sensilla; cm, comb; 
He, head collar. Bar represents 11.6 micrometers. 
Figure 135. Dorsal pronotum. Note the slight longitudinal 
fluting of the distal shaft of the type B sensillum. B, E, 
sensilla. Bar represents 2.82 micrometers. 
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Figure 136. Underside of posterior pronotum, showing the base 
of the pronotal comb. Bar represents 24.1 micrometers. 
Figure 137. Underside of two ctenidia of the pronotal comb, 
showing the coarse and fine longitudinal flutings. Bar repre 
sents 5.48 micrometers. 
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Figure 138. Cervical sclerite. Dorsal is up and anterior is 
right. Note broken microtrichia, the severed bases of which 
appear to be hollow. Note the membranous, spiculose cuticle 
dorsal to the cervical sclerite. As, base of the anterior 
spiracular papilla; cs, cervical sclerite; s, dorsal margin 
of the propleurostemum. Bar represents 4.90 micrometers. 
Figure 139. Membranous, spiculose cuticle anterior to the 
pronotum and dorsal to the cervical sclerite. sp, spicule. 
Bar represents 1.59 micrometers. 
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Figure 140. Membranous cuticle between the head and pro-
pleurostemum, ventral to the cervical sclerite. The top of 
the figure is dorsal, the right is anterior. Note stalked 
microtrichia (arrow), s, propleurostemum. Bar represents 
3.94 micrometers. 
Figure 141. Membranous cuticle between the head and propleu­
rostemum. Ventral is right, s, propleurostemum. Bar 
represents 1.51 micrometers. 
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Figure 142. Ventral view of propleurostemum. Legs are 
hinged at the anterior end. pc, forecoxa; s, propleuro­
stemum. Bar represents 45.4 micrometers. 
Figure 143. Articulation of forecoxae to propleurostemum. 
Note spiculose, membranous cuticle between forecoxae and pro­
pleurostemum. Arrow indicates sternal process of propleuro­
stemum. D2, forecoxal hair plate consisting of sensilla 
type D2 (see section on forelegs); pc, forecoxa; s, propleu­
rostemum. Bar represents 12.2 micrometers. 
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The Mesothorax 
The raesothorax consists of two major sclerotized regions, 
the raesonotum and the mesopleurostemum (figures 130, 144 
through 147). Using the light microscope, the mesopleuro­
stemum can easily be separated into the (anterior) mesepi-
stemum and the (posterior) mesepimeron by the position of the 
pleural rod. However, with the SEM the only indications of a 
demarcating structure are a ventral "pore" and groove that 
correspond with the ventral origin of the pleural rod (figures 
145, 148, 149). Since no other surface manifestations of the 
pleural rod exist, the ventral sclerite will be treated as a 
single structure, designated the mesopleurostemum. 
The dorso-anterior surface of the mesonotura is covered by 
an average of 72 (58 to 86) medium-sized bristles, designated 
sensilla type CI. The average dimensions of type CI in micro­
meters are: length, 40.4 (18 to 55); basal diameter, 3.6 (2.6 
to 4.8); socket diameter, 5.4 (4.7 to 6.6); and spacing be­
tween fluted ridges, 1.3 (1.2 to 1.5). 
Extending transversely around the mesonotum is a central, 
dorso-ventral ridge of cuticle on which is located a row of 14 
bristles, sensilla type C2, between which are an average of 
15.4 (14 to 17) hair-like sensilla, designated type B. The 
average dimensions of the type B sensilla in micrometers are: 
length, 22.4 (16 to 27); basal diameter, 2.1 (1.6 to 3.0); and 
socket diameter, 4.2 (3.7 to 5.5). The average dimensions of 
type C2 in micrometers are: length of dorsal-most bristles. 
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121.4 (116 to 133); length of ventral-most bristles, 160.7 
(150 to 170); basal diameter, 7.4 (5.5 to 8.2); socket diam­
eter, 13.6 (13 to 14); and spacing between fluted ridges, 1.8 
(1.5 to 2.1). 
Anterior to the dorso-ventral ridge of cuticle on each 
side of the pronotum are an average of 2.4 (1 to 3) placoids. 
None were observed with the SEM; however, light microscope 
measurements produced an average diameter of 5.5 micrometers 
(5 to 6). 
Conspicuous on each side of the mesopleurostemum are 
four or five (4.3 average) large bristles, designated sensilla 
type C3, which have the following average dimensions in micro­
meters: length of anterior-most bristle, 138.8 (137 to 141); 
length of posterior-most bristle, 311.5 (306 to 321); basal 
diameter, 12.9 (9.8 to 17.1); socket diameter; 17=0 (14 to 20); 
and spacing between fluted ridges, 2.4 (2.0 to 2.8) (figures 
144, 145, 148). 
The anterior, dorsal apex of the mesopleurostemum on 
each side has a hair plate of four or five (average 4.5) hairs, 
designated sensilla type D1, which have the following average 
dimensions in micrometers: length, 18.0 (12.2 to 25.0); basal 
diameter 2.8 (2.5 to 3.5); socket diameter, 4.1 (2.9 to 6.1). 
This type has a well-developed collar bordering the socket 
and averages 5.9 micrometers (5.0 to 6.4) in diameter (figure 
150). 
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A second hair plate of four to six hairs (average 5.0), 
designated sensilla type D2, is located in the membranous 
cuticle anterior to the ventral mid-line of the mesopleuro-
stemxjm (figure 151). The average dimensions of type D2 in 
micrometers are: length, 11.9 (9.5 to 15.5); basal diameter, 
2.1 (1.6 to 2.4); socket diameter, 4.6 (3.8 to 7.5); and col­
lar diameter, 2.9 (2.2 to 3.5). 
Ventrally, on each side of the mesopleurostemum is lo­
cated a pore-like structure, a surface manifestation of the 
inflected cuticle forming the ventral origin of the pleural 
rod (figures 145, 148). The "pore" diameter averages 5.7 
micrometers (3.9 to 8.2). The associated groove (not always 
present) extends an average of 20.7 micrometers (14.7 to 28.6) 
from the "pore" to the ventral margin of the mesopleurostemum. 
Posterior to the ventral, mesopleurostemum, a stemum-
like process extends posteriorly between the mesocoxae to a 
point near the posterior margins of the coxae (figures 152, 
153). 
The membranous cuticle anterior to the mesonotum has 
spicules similar to those anterior to the pronotum, but lack­
ing the distal projections (figure 146). The spicules have an 
average diameter of 5.9 micrometers (2.7 to 9.8) and an aver­
age elevation of the central "knob" of 3.1 micrometers (2.6 to 
3.7). The antero-lateral spicules averaged 3.4 micrometers 
(1.9 to 4.7) in diameter and 2.2 micrometers (1.7 to 2.7) in 
elevation (figure 150). The average dimensions of the ventral 
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spicules in micrometers are: diameter 3.8 (2.0 to 6.1); ele­
vation, 3.6 (2.6 to 5.2); and tip diameter (a few spicules 
have microtrichia-like projections), 0.7 (0.5 to 0.8) (figure 
151). 
Anterior to the junction of the mesonotum and mesopleuro­
stemum, on each side of the flea, are the anterior, spiracu­
lar papillae: cylindrical, sclerotized structures housing the 
anterior, thoracic spiracle and associated musculature 
(figures 154, 155). The papillae have the following average 
dimensions in micrometers: length, 80.0 (73 to 84); basal 
diameter, 72.6 (68 to 75); diameter of distal, sclerotized 
rim, 33.1 (26 to 38). The distal papillae consist of wrin­
kled, membranous cuticle with a pair of apical, sclerotized 
plates forming the movable lips of the spiracular atrium (fig­
ure 155). The lips averaged 16.8 micrometers (15 to 18) in 
length and had an average, closed width of 2.8 micrometers 
(2.6 to 3.0). 
Ventral to the posterior mesopleurostemum, on each side 
of the flea, are the posterior, spiracular papillae which have 
the following average dimensions in micrometers: length, 69.4 
(63 to 73); basal diameter, 64.2 (62 to 70); distal diameter, 
34.1 (29 to 39); length of atrial lips, 13.5 (11.1 to 18.5); 
and width of closed, atrial lips, 3.8 (1.7 to 4.6) (figures 
156 through 159). Figure 159 is a micrograph of a living 
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speciinan, made to determine whether the wrinkled appearance 
of the distal papillae is an artefact of preparation or a 
natural structure. 
Figure 144. Mesonotal region. Much of the mesonotum lies 
beneath the pronotal comb. Arrow indicates mesonotal sensilia 
CI protruding through the ctenidia of the pronotal comb. B, 
C2, 031 mesonotal sensilla B, 02, 03; Im, lateral metanotal 
area; mc, mesocoxa; me, metepistemum; mn, mesonotum; mp, 
metepimeron; ms, mesopleurostemum; mt, metanotum; pn, prono-
tum; Ps, posterior spiracular papilla; rg, mesonotal, dorso-
ventral, cuticular ridge. Bar represents 42.5 micrometers. 
Figure 145. Ventral mesonotum. B, 02, 03, mesonotal sensilla 
B, 02, 03; mc, mesocoxa; mn, mesonotum; ms, mesopleurostemum; 
pn, pronotum; Ps, posterior spiracular papilla; s, propleuro-
sternum. Bar represents 39.2 micrometers. 

Figure 146. Mesonoturn. Note spiculose, membranous cuticle 
anterior to the dorsal mesonotum; spicules differ from those 
anterior to the pronotum by lacking microtrichia-like projec­
tions (see figures 138, 139). B, CI, C2, sensilla. Bar 
represents 22.7 micrometers. 
Figure 147. Anterior view of mesothorax. Upper, left comer 
is dorsal. As, anterior spiracular papilla (slightly disloca­
ted); CI, Dl, D2, sensilla; M, muscle bundles severed during 
dissection; mn, mesonotum; ms, mesopleurostemum. Bar repre­
sents 42,7 micrometersi 

Figure 148. Mesopleurostemura. Left is dorsal, top is ante­
rior (right side of flea). Arrow indicates the "pore" that is 
the external indication of the internal inflection of cuticle 
that forms the ventral part of the pleural rod. C3, sensilla 
C3; Im, lateral metanotal area; mc, mesocoxa; mn, mesonotum; 
mp, metepimeron; ms, mesopleurostemum; pn, pronotum; Ps, 
posterior spiracular papilla. Bar represents 28.7 micrometers. 
Figure 149. High magnification view of "pore" described in 
figure 148 above. Top is dorsal, right is posterior (left 
side of flea). Coxa was sectioned by ethanol cryofracture. 
Arrow indicates sensillum D4 of mesocoxa (see section on 
middle legs), partially obscured by a fragment, ac, artic­
ular cleft of mesocoxa; mc, mesocoxa; mp, metepimeron; ms, 
mesopleurostemum; pr, "pore" - external indication of ventral 
origin of pleural rod. Bar represents 10.2 micrometers. 

Figure 150. Antero-dorsal angle of mesopleurostemum. Top 
is dorsal, left is anterior (left side of flea). Dl, sensilla 
Û1 (hair plate of five sensilla); ms, mesopleurostemum. Bar 
represents 11.2 micrometers. 
Figure 151. Antero-ventral margin of mesopleurostemum. Top, 
right is posterior. D2, sensilla D2 (hair plate of six sen­
silla); ms, mesopleurostemum. Bar represents 5.42 micro­
meters . 
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Figure 152. Ventral view of niesothorax, top is anterior, left 
leg is removed, as, articular sclerite (of inner, proximal 
mesocoxa - see section on middle legs); D2, sensilla D2 (hair 
plate on mesocoxa); mc, mesocoxa; ms, mesopleurostemum. 
Arrow indicates posteriorly projecting sternal process of 
mesopleurosternum. Bar represents 21.5 micrometers. 
Figure 153. Ventral mesothorax. Arrow indicates sternal 
process of raesopleurostemum; mts, metastemum. Bar repre­
sents 40.0 micrometers. 
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Figure 154. Anterior spiracular papilla. Top is dorsal, 
right is anterior (right side of flea). Note membranous 
cuticle on the distal papilla (left end). As, anterior 
spiracular papilla; Dl, sensilia D1 (hair plate of five 
sensilla). Bar represents 8.37 micrometers. 
Figure 155. Anterior spiracular papilla. Arrow indicates 
sclerotized atrial lips that seal the spiracular atrium from 
the outside. As, anterior spiracular papilla. Bar represents 
2.96 micrometers. 
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Figure 156. Posterior spiracular papilla (Ps). Arrow indi­
cates sclerotized atrial lip. Bar represents 5.18 micrometers, 
Figure 157. Posterior spiracular papilla, al, atrial lip. 
Bar represents 1.79 micrometers. 
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Figure 158. Posterior spiracular papilla. Bar represents 
2.85 micrometers. 
Figure 159. Posterior spiracular papilla. Living specimen. 
Bar represents 4.30 micrometers. 
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The Metathorax 
The raetathorax consists of 8 distinct sclerotized 
regions» a single raetanotum; a lateral metanotal area, met-
epistemum, and metepimeron on each side; and a single 
metastemura (figures 160, 161, 168, 169). 
The metanotum has a central, dorso-ventral ridge of 
cuticle on which are located 14 bristles, sensilla type CI, 
and an average of 16 (15 to 17) interposed, hair-like sensilla, 
designated type Bl. The type B1 have the following average 
dimensions in micrometers; length, 27.0 (24 to 29); basal 
diameter, 2.1 (1.6 to 2.5); and socket diameter, 5.2 (4.6 to 
5.5). The type CI have the following average dimensions in 
micrometers: length of dorsal-most bristles, 156.0 (126.0 to 
186.6); length of ventral-most bristles, 182.3 (144 to 211); 
basal diameter, 5.6 (4.7 to 6.5); socket diameter, 9.4; and 
spacing between fluted ridges of 1.8 (1.0 to 2.4). 
Anterior to the dorso-ventral ridge are six placoids, 
three on each side, averaging 2.2 micrometers (1.9 to 2.6) in 
diameter (figures 162, 163). The dorsal metanotum has numer­
ous pores with an average density of 2.1 (0 to 5) per 2500 
square micrometers and an average diameter of 0.53 micro­
meter (0.4 to 0.7). 
Each lateral metanotal area has a single large bristle, 
designated type C2, that has the following average dimensions 
in micrometers: length, 273.5 (268.3 to 278.8); basal 
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diameter, 14.0 (13.3 to 14.7); socket diameter, 23.1 (19.4 to 
26.8); and spacing between fluted ridges, 2.7 (2.6 to 3.0). 
Each metepiraeron has two transverse rows of bristles, 
designated sensilla type C3, that average 10.5 (9 to 14) bris­
tles in the anterior row and 5.5 (3 to 8) in the posterior 
row. The average .dimensions of type C3 in micrometers are: 
length of anterior, dorsal-most bristle, 107.7 (90.5 to 123.6); 
length of posterior, ventral-most bristle, 329.4 (321.2 to 
337.7); basal diameter, 12.4 (9 to 16); socket diameter. 17.0 
(14 to 21); and spacing between fluted ridges, 2.4 (1.9 to 
2.9). 
One specimen has a single hair-like sensillum designated 
sens ilium B2, located between the C3 sensilla and which has a 
length of 18.4 micrometers and a basal diameter of 3.1 micro­
meters. 
Near the dorsal margin of each metepiraeron is an opening 
to an atriate spiracle averaging a length of 11,1 micrometers 
(8.1 to 13.7) and a width of 8.4 micrometers (7.8 to 9.3) 
(figures 164, 165, 166). The cuticular striae near the open­
ing are formed into a rim or rosette around the opening that 
averages 7.1 micrometers (4.4 to 9.8) in width. Two of the 
micrographs were taken of an adult which was fixed during 
eclosion, thus the pupal tracheae are partially removed from 
the spiracles (figures 166). In figure 166, a small hole 
in the cuticle near the spiracle is probably a spurious open­
ing in the cuticle and opens to the same spiracular atrium. 
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On the anterior edge of the raetepiraeron, near the pos­
terior spiracular papilla, is a hair plate of four hairs 
designated sensilia type D1, which had the following average 
dimensions in micrometersi length, 18.0 (14.2 to 20.3); basal 
diameter, 2.6 (2.3 to 3.1); socket diameter, 4.1 (3.5 to 4.9); 
and collar diameter, 5.5 (4.8 to 6.3) (figure 167). 
On the anterior edge of the metastemum is a hair plate of 
four hairs, designated sensilla type D2, which have the fol­
lowing average dimensions in micrometers: length, 11.7 (10.6 
to 13.7); basal diameter, 2.1 (1.4 to 3.9); socket diameter, 
2.9 (1.7 to 4.3); and collar diameter, 5.4 (4.9 to 5.7) 
(figures 168, 169). The ventral, intercoxal, membranous cu­
ticle is studded with spicules that have the following dimen­
sions in micrometers: diameter, 4.5 (1.5 to 7.1); elevation, 
3.2 (2.6 to 4.2); tip diameter (a few spicules have micro-
trichia-like projections) 0.74 (0.6 to 1.0). 
Figure 160. Dorsal metathorax. Bit B2, Cl, C2, C3, meta-
thoracic sensilla; Im, lateral metanotal area; me, metepister-
num; mp, metepimeron; mt, metanotum; rg, dorsoventral cuticu-
lar ridge; Tl, T2, abdominal tergites ; tb, proximal, dorsal 
tibia. Arrow indicates metepistemal spiracle. Bar represents 
52.6 micrometers. 
Figure 161. Ventral metathorax. hc, metacoxa; Im, lateral 
metanotal area; me, metepisternum; mp, metepimeron; mt, meta­
notum. Bar represents 78.7 micrometers. 
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Figure 162. Dorsal metanotum. Top is dorsal, right is ante­
rior. Bl, Cl, E, sensilla; mn, mesonotum; mt, metanotum. Bar 
represents 10.5 micrometers. 
Figure 163. Ventral metanotum, right side of flea (same 
orientation as figure 162). Bl, CI, E, sensilla; Im, lateral 
metanotal area; me, metepistemum; mn, mesonotum; mt, meta­
notum. Bar represents 6.27 micrometers. 
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Figure 164. Metepisternal spiracle. Note microtrichia-like 
structures within the atrium of the spiracle. Bar represents 
1.52 micrometers. 
Figure 165. Metepisternal spiracle. Note elevated, rosette-
like structure of cuticular striae around the atrial opening. 
Bar represents 1.50 micrometers. 
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Figure 166. Metepisternal spiracle. Top is dorsal, right is 
anterior. Specimen fixed was a pharate adult which apparently 
was in the process of molting; note the inverted pupal trachea 
protruding from the atrial opening. Note also a second atrial 
opening indicated by the arrow - probably a spurious opening 
in the cuticle. C3, sensillum C3. Bar represents 4.88 micro­
meters . 
Figure 167. Antero-dorsal metepimeron. Top is dorsal, left 
is anterior. The posterior, spiracular papilla was removed 
in dissection; arrow indicates part of a tracheal wall where 
the papilla would normally be situated. Dl, sensilla Dl, a 
hair plate of four hairs ; Bar represents 12»2 micrometers. 
0% 
Figure 168. Ventral view of metasternum. Left legs were 
removed, as, articular sclerite of mesocoxa; D2, sensilla D2 
of metathorax, a hair plate of four hairs; mc, mesocoxa. Bar 
represents 21.7 micrometers. 
Figure 169. Antero-ventral view of metastemura. D2, sensilla 
D2, a hair plate of four hairs. Bar represents 11.2 micro­
meters . 
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Figure 170. Ventral view of metastemum and articulation of 
metacoxae. Right is anterior. Dl, sensilla D1 of metacoxa 
(see section on hind legs), a hair plate of three hairs (both 
coxae show Dl); he, metacoxa. Bar represents 20.2 micrometers. 
Figure 171. Ventral view of metasternal process that extends 
between the metacoxae. as, articular sclerite of metacoxa; 
D2, sensilla D2, a hair plate of four hairs; he, metacoxa; 
mts, metastemum. Bar represents 3:38 micrometers-
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The Forelegs 
To simplify the observations of the legs, measurements 
are not given of the segments. Additionally, each segment has 
a separate, alphabetic classification of its sensory recep­
tors. The only exceptions to this procedure are tarsomeres 
one through four, for which all sensilia are treated in a 
single classification. 
The surfaces of the legs are described as in the litera­
ture of Siphonaptera, that is, the preaxial surface is des­
ignated the outer surface, the postaxial surface is the inner 
surface; the dorsal and ventral surfaces apply to the leg 
extended outward at 90° to the dorso-ventral axis of the flea 
(figures 172, 173, 174). The tarsi of C. simplex (and proba­
bly all fleas) are rotated outwards 90° in relation to the 
aspect of the remainder of the leg- That is * the morphologi­
cal , ventral surface of the tarsus is continuous with the 
outer surface of the tibia (figures 172, 182, 186). Descrip­
tions of the tarsi will refer to the morphological surfaces, 
not the apparent surfaces due to rotation; thus the plantar 
surface will always be ventral in description. 
The forecoxae are hinged at the anterior end of the pro-
pleurostemum. The antero-lateral surface of each side of the 
propleurosternum is mesally produced into a cuticular, articu­
lating process (figure 175) which serves as a "ball" of the 
nearly universal joint upon which the coxa articulateso The 
ventral, outer surface (bristled) of the coxa forms a proximal 
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process that curves dorsally, allowing attachment to the ex­
tensive, membranous cuticle mesal to the articular process. 
The proximal, dorsal surface of the coxa gives rise to a 
curved, cuticular rib that attaches to membranous cuticle 
lateral to the cuticular process. 
The proximal articular region of the coxa has three hair 
plates, consisting of three hairs each. The first hair plate 
is located on the proximal, outer surface of the coxa, ventral 
to the coxal rib and is designated sensilla type D1 (figures 
175, 176). The average measurements of type D1 in micrometers 
are: length, 18.3 (12.5 to 29.8); basal diameter, 2.45 (1.5 
to 3.9); socket diameter, 3.7 (3.1 to 4.9); and collar diam­
eter, 7.4 (7.3 to 7.4). The second hair plate, designated 
type D2, is located on the proximo-ventral surface of the coxa 
(figure 177) and has the following average dimensions in 
micrometers: length, 17.9 (16.0 to 20.4); basal diameter, 
2.6 (2.4 to 2.8); socket diameter, 4.0 (3.8 to 4.2) and collar 
diameter, 5.9. Hair plate D3 is located on the inner, proxi­
mal surface of the coxa and consists of three, widely spaced, 
unequal hairs (figure 177). The proximal, subequal hairs av­
erage 23.2 micrometers (20 to 25) in length, while the distal, 
long hair averages 45.5 micrometers (34 to 50) in length, the 
remaining average dimensions of type D3 in micrometers are: 
basal diameter 3.0 (2.1 to 4.5); socket diameter, 4.7 (4.0 to 
6.2); and collar diameter, 7.4 (6.2 to 9.3)o 
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The outer surface of the coxa is densely covered with 
an average of 64 bristles (range of 62 to 70), designated sen-
silla type C, having the following average dimensions in 
micrometers! length of proximal, short bristle, 16.7 (11.5 
to 29.4); length of distal, long bristles, 118.1 (81.5 to 
159.5); basal diameter, 5.7 (2.9 to 7.7); socket diameter, 
6.9 (5.2 to 10.3); spacing between fluted ridges, 1.3 (0.8 to 
1.6) (figures 174, 175). In the center of the outer surface 
is located a single placoid, designated sensillum type E, 
averaging 2.0 micrometers in diameter. 
The membranous cuticle at the proximal end of the coxa 
has a number of microtrichia with the following average dimen­
sions in micrometers: length, 2.6 (1.3 to 3.6); basal diam­
eter, 1.5 (1.1 to 1.7); and tip diameter, 0.55 (0.5 to 0.6). 
The trochanter is convex ventrally and concave dorsally 
(figure 178). Five hair plates occur on the foretrochanter 
on the dorsal and lateral surfaces. On the inner and outer, 
dorsal surfaces, the cuticle is formed into protruding, scle-
rotized processes that articulate with the outer coxa. On the 
dorsal surface of the outer process are located an average of 
4.3 hairs (range 4 to 6) designated sensilla D1 that have the 
following average dimensions in micrometers: length, 10.0 
(7.6 to 13.2); basal diameter, 2.3 (1.9 to 2.7); socket diam­
eter, 3.1 (2.2 to 3,7); and collar diameter, 4.9 (4.2 to 6.1). 
On the outer surface of the trochanter, ventral to the outer, 
articular process, are located four hairs arranged linearly 
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that make up the second hair plate, sensilla D2. The average 
dimensions of type D2 in micrometers are* length, 17.4 (12.0 
to 25.9); basal diameter, 2.5 (1.6 to 4.2); socket diameter, 
4.2 (3.5 to 4.5); and collar diameter, 6.2 (5.2 to 6.9). On 
the inner surface of the trochanter, ventral to the inner 
process, are located six hairs arranged linearly, designated 
sensilla type D3 (figure 179). The average measurements in 
micrometers are; length, 16.8 (12.0 to 25.4); basal diameter, 
2.0 (1.5 to 2.6): socket diameter, 3,2 (2«3 to 4.2); and col­
lar diameter, 6.1 (4.6 to 7.7). On the dorsal, inner surface 
of the trochanter are two short sensilla, designated type D4, 
having the following average dimensions in micrometers: 
length, 8.7 (6.8 to 11.2); basal diameter, 2.3 (1.6 to 3.3); 
socket diameter, 3.2 (2.7 to 3.6); and collar diameter, 5.4 
(4.9 to 5.7). On the distal, dorsal surface is located a sin­
gle, stout sensillum, designated sensillum D5, having the 
following average dimensions in micrometers; length, 18.2 
(14.6 to 27.9); basal diameter,. 3.7 (3.0 to 4.3); socket diam­
eter, 5.2; and tip diameter, 0.5. 
Dorso-lâteral to sensilla D4 are a pair of placoids, 
sensilla type E, visible in the light microscope but not ob­
served with the SEM. Likewise, around the base of sensillum 
D5 are several placoids which have not been observed with the 
SEN. The membranous cuticle on the proximo-dorsal surface of 
the trochanter has several cuticular spicules that average 2.1 
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micrometers (1.3 to 2.6) in diameter, 3.6 micrometers (3.1 to 
4.1) in length, and have an average tip diameter of 0.65 
micrometer (0.6 to 0.7). 
On the ventral surface are located three bristles (figure 
173), designated sensilla type C, which have the following 
average measurements in micrometers: length, 85.5 (54 to 134); 
basal diameter, 6.5 (4.6 to 9.2); socket diameter, 7.5 (6.5 to 
9.0); and spacing between fluted ridges of 1.3 (0.8 to 1.9). 
The dorsal surface of the femur (figure 180) has an aver­
age of 13.2 (12 to 14) hair-like sensilla, designated type Bl, 
that are arranged in two longitudinal rows, one marginal and 
the other submarginal, on the outside surface of the femur. 
The sensilla are similar to sensilla trichodea and have the 
following average dimensions in micrometers: length, (shorter 
proximally, longer distally), 51.8 (29.8 to 84.5); basal diam­
eter, 4.7 (4.2 to 5.6); socket diameter, 6.7 (5.8 to 8.4). 
The outer surface of the femur (figure 180) has a central 
field of hair-like sensilla, designated type B2, that shows 
sexual dimorphism in average number: males average 4.8 per 
femur (range of 3 to 8)i and females average 3.9 per femur (2 
to 5). The average dimensions of type B2 in micrometers are; 
length, 62.2 (48.8 to 75.6); basal diameter, 4.8 (4.3 to 5.2); 
socket diameter, 7.1; and distance between fluted ridges, 0.6 
micrometer. 
The proximal, inner surface of the femur (figure 181) has 
a single sensilium type B3 which has the following average 
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dimensions in micrometers: length, 52.1 (52.0 to 52,2); basal 
diameter, 3.55 (3.5 to 3.6); and socket diameter, 8.3 (6.9 to 
9.8). 
The proximo-ventral, inner surface of the femur has a 
pair of marginal bristles (figure 181), designated type CI, 
that have the following average dimensions in micrometers: 
length (the ventral-most bristle is longest), 123.8 (65.3 to 
178.9); basal diameter, 7.4 (5.5 to 8.5); socket diameter, 
12.5 (9.7 to 15.3); and distance between fluted ridges, 1.0 
(0.6 to 1.2). The disto-dorsal femur has a pair of medium-
sized bristles, designated sensilla C2, located at the ends of 
the rows of sensilla B1 (figure 180), which have the following 
average dimensions in micrometers» length, 73.3 (62.5 to 
81.3); basal diameter, 6.6 (6.2 to 7,1); socket diameter, 12.2 
(11.6 to 12,9); and distance between fluted ridges of 1,0 
(0,98 to 1.14). The disto-dorsal margin of the femur has a 
pair of large bristles, designated sensilla type D3, that 
curve downward over the tibia and that have the following av­
erage dimensions in micrometers: length, 200.2 (173,5 to 
217,9): basal diameter, 13.6 (10,6 to 17,9)i socket diameter 
of 17,6 (14.3 to 19,3); and distance between fluted ridges, 
1,8 (1,6 to 2,2), 
Three ventrally directed bristles, sensilla C4, occur two 
on the inner surface and one on the outer surface of the dis­
tal femur (figures 180, 181), The average dimensions of the 
type C4 in micrometers are: length, 131,2 (75.7 to 166.7); 
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basal diameter, 7.4 (6.9 to 8.4); socket diameter 10,3 (8.5 to 
13.5); and distance between fluted ridges, 1.2 (0.98 to 1.5). 
The proximo-dorsal, inner surface of the tibia has a 
single sensory peg (figures 183, 185), designated sensillum 
type Al, which has the following average dimensions in micro­
meters: length, 9.3 (7.5 to 11.3); basal diameter, 2.9 (2.6 
to 3.3); socket diameter, 6.2 (5.7 to 6.7); collar diameter, 
8.4 (7.8 to 9.3); tip diameter, 1.46 (1.4 to 1.5). Pores are 
absent from the surface of the peg. 
On the medio-ventral surface of the tibia (figures 182, 
183) is located a second sensory peg, designated sensillum 
type A2, which has the following average dimensions in micro­
meters: length, 9.3 (8.2 to 10.5); basal diameter, 1.9 (1.4 
to 2.7); socket diameter, 4.7 (3.7 to 6.5); and tip diameter, 
0.4 (0.3 to 0.5). No collar formation was observed. 
Nine hair-like sensilla, designated type B, occur on the 
tibia (figures 182, 183). Seven occur in two rows along the 
ventral surface of the tibia; three occur on the ventral, 
outer surface; and four occur on the ventral, inner surface. 
Two occur on the inner surface along the dorsal margin. The 
type B have the following average dimensions in micrometers: 
length, 38.3 (12.0 to 57.7); basal diameter, 4.1 (3.0 to 5.3); 
and socket diameter, 5.1 (3.4 to 6.9). 
The dorsal margin of the tibia has six notches in which 
occur three types of bristles (figure 182). In the literature 
of Siphonaptera, the notches are numbered 1 to 6 beginning 
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with the proximal-most notch. A long tapered bristle, desig­
nated sensillum CI, averages 4.1 in number (4 to 5) and 
occurs singly on the ventral and dorsal, distal apices of the 
tibia, and one each in notches 2 and 4. One specimen had a 
fifth CI located in the fifth notch. The average dimensions 
of type CI in micrometers are: length, 172.3 (127.3 to 218.4); 
basal diameter, 12.9 (10.7 to 16.1); socket diameter, 18.5 
(17.7 to 19.4); and distance between fluted ridges, 1.5 (1.3 
to 1.8). 
An average of 9.7 (8 to 10) stout, blunt-tipped bristles, 
designated type C2, occur on the tibia. The most common dis­
tribution is one each on the dorsal and ventral, distal apices; 
one each in notches 1, 2, 4, and 5 ; and two each in notches 3 
and 6. The average dimensions of sensilla C2 in micrometers 
are: length, 76.5 (44.5 to 101:6); basal diameter, 13.3 (10.1 
to 17.0); socket diameter, 15.7 (13.1 to 17.1); and distance 
between fluted ridges, 1.7 (1.6 to 1.8). 
Six slender, tapered bristles, designated sensilla type 
C3, occur on the tibia: one is located in the first notch on 
the inner surface; four occur in a submarginal dorsal row on 
the outer surface of the tibia; and one occurs on the distal, 
inner surface, approximately median in position. The average 
dimensions of sensilla C3 in micrometers are: length, 76.6 
(54.2 to 97.4); basal diameter, 5.7 (4.1 to 6.8); socket diam­
eter, 8.0 (7.4 to 9.1); and distance between fluted ridges, 
1.2 (1.1 to 1.3). 
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On the inner, proximal surface of the tibia occurs a hair 
plate consisting of a single hair, designated sensillum type D 
(figures 182, 184). The average dimensions in micrometers are: 
length, 11.3 (10.1 to 12.1); basal diameter, 1.8 (1.8 to 1.9). 
Around the base of type D occur three placoids, designated 
sensilla type E, one each on the inner and outer surfaces and 
one proximal to the type D. The average diameter of the type 
E is 6.1 micrometers (5.7 to 6.5). A cuticular, dome-like j 
structure is often seen in the type E, thus suggesting they 
are sensilla campaniformia (figure 184). 
The tarsi of fleas have five subsegments or tarsomeres. 
Tarsomeres one through four are treated in one classification, 
while tarsomere five and the prêtarsus are given a separate 
classification. 
Three types of pegs occur on tarsal segments I through 
IV. Five blunt-tipped pegs, designated sensilla type A1 oc­
cur on the ventral surfaces of tarsal segments II, III, and 
IV. One A1 occurs on the inner surface of segment II, a pair 
occurs on the inner surface of segment III, and two occur, 
one each, on the inner and outer, ventral surfaces of segment 
IV (figures 187, 188, 190). The average dimensions of type 
Al in micrometers are; length, 12.1 (10.6 to 13.9); basal 
diameter, 3.7 (2.9 to 4.1); socket diameter, 4.9 (4.6 to 5.3); 
and tip diameter, 2.5 (1.9 to 3.3). Two highly tapered pegs, 
designated sensilla type A2, occur one each on the outer, 
medial, articular surfaces of tarsal segments I and II 
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(figures 187, 188, 189). The average dimensions of type a2 in 
micrometers are: length, 8.8 (7.8 to 9.3); basal diameter, 
2.4 (1.7 to 3.3); socket diameter, 2.9; collar diameter, 4.5; 
and tip diameter, 0.4 (0.35 to 0.46). 
Three irregular, flattened, blade-like pegs, designated 
sensilla type A3, occur one each on outer, articular surfaces 
of segments II and III and one on the inner surface of segment 
IV (figures 188 to 191) . The average dimensions of type A3 in 
micrometers are: length, lle2 (10,1 to 12.4); basal diameter, 
2.7 (2.3 to 3.1); socket diameter, 4.3 (3.9 to 4.7); collar 
diameter, 6.2 (6.1 to 6.3); and tip diameter, 0.9 (0.90 to 
0.94). 
Three hair-like sensilla, designated type B, occur on the 
ventral surfaces of segments III and IV. One occurs on the 
outer, ventral surface of segment III and two are located on 
either side of ventral segment IV (figures 190, 191). The 
average dimensions of type B in micrometers are: length, 34,4 
(22.9 to 46.5); basal diameter, 2.6 (2.2 to 3.0); socket diam­
eter, 4.2 (3.9 to 4.6); and distance between fluted ridges, 
0.9 (0.7 to 1.2). 
An average of 17.4 (17 to 18) bristles, designated sen­
silla type C, occur on segments I through IV. Segment I al­
ways has six; two on the ventral surface (the outer, ventral 
bristle is largest), one on each lateral surface, and two on 
the dorsal surface. Segment II has four; two ventral and two 
dorsal. Segment III has three; two on each latero-ventral 
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surface and one on the inner, dorsal surface. Segment IV has 
three or four bristles, two on the inner surface and one or 
two on the outer surface (figures 186 to I9l). The average 
dimensions of type C in micrometers are: length, 50.1 (21.2 
to 97.3); basal diameter, 4.8 (3.2 to 6.2); socket diameter, 
6.8 (3.7 to 9.2); and distance between fluted ridges, 1.2 (0.7 
to 1.5). 
Two placoids, designated sensilla type E occur on tarsal 
segment I; one occurs on the ventro-distal. inner surface 
(figure 186), and one on the medial, inner surface. Only the 
distal-most placoid was observed with the SEM and it has an 
approximate diameter of 5.0 micrometers. 
The disto-ventral surface of tarsal segment V is cleft to 
accomodate the pretarsus. Within the cleft, ventrally, on 
each lateral, articular surface is a recurved, blade-like peg. 
designated sensillum type A (figures 193, 194, 195). Type A 
is very similar to the type A3 of segments II, III, and IV, 
and has the following average dimensions in micrometers: 
length, 15.3 (11,7 to 17.9); basal diameter, 3.4 (3.2 to 3.7); 
maximum distal diameter, 3.6 (3.4 to 3.8); and socket diameter, 
4.35 (3.6 to 5.1). The base of type A appears to lack the 
typical articulating membrane of other sensory pegs. 
Just proximal to the pretarsal cleft, on the inner, ven­
tral surface is located a short, stout sensillum, designated 
type B (figure 192), which has the following average dimen­
sions in micrometers: length, 21.6 (18.5 to 26.7); basal 
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diameter, 4.6 (3.3 to 6.7); socket diameter, 6.2 (5.5 to 7.0); 
and distance between fluted ridges, 0.7 (0.6 to 0.9). 
The latero-ventral surface of segment V has four pairs 
of large, complex bristles, the lateral plantars of authors, 
designated sensilla t)^ e CI (figures 192 to 195). The space 
between the third and fourth pairs of CI is greater than the 
space between the first to third pairs combined. The fourth 
pair of CI are shortest (the third pair are longest) and are 
displaced laterally with respect to the first three pair. 
Tarsal segments V of the mesolegs and metalegs have the same 
arrangement of type CI. The lateral surfaces of the bases of 
CI form stout cuticul&r bosses that rest against similar 
structures formed in the tarsal cuticle posterior and slightly 
dorsal to each bristle (figure 193). The bristles are re­
curved in a plane transverse to the long axis of the tarsus, 
and the apex of each bristle is formed into a small, medial 
knob (figure 195, kn.). The average dimensions of type CI in 
micrometers are: length, 63.0 (45.1 to 85.5); transverse 
basal diameter (including boss), 12.8 (12.4 to 13.0); longi­
tudinal basal diameter, 9.2 (8.5 to 10.1)# socket diameter, 
11.6 (9.8 to 13.0); distance between fluted ridges, 1.4 (0.9 
to 1.9); and diameter of apical knob, 3.5 (2.9 to 4.2). 
Three pairs of slender bristles, designated sensilla type 
C2, occur on the distal one-half of segment V. One pair is 
located on the medial, inner and outer surfaces; one pair is 
located on the distal, inner and outer margins and one pair 
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is located on the distal, dorsal margin. The average dimen­
sions of type C2 in micrometers are: length, 38.3 (16.1 to 
70.4); basal diameter, 3.6 (2.6 to 5.0); socket diameter, 5.8 
(4.4 to 6.5), and distance between fluted ridges, 0.75 (0.7 
to 0.8). 
A single, long bristle, designated sensillum type C3, is 
located on the ventral surface, just proximal to the pretarsal 
cleft, and extends between the claws. The bristle is sinuous 
in shape (figure 195) and has the following average dimensions 
in micrometers: length, 55.2 (45.6 to 59.7); basal diameter, 
4.0 (3.1 to 5.1); socket diameter, 5.0 (4.9 to 5.1); tip diam­
eter, 0.7 (0.2 to 1.2); and distance between fluted ridges, 
0.8 (0.5 to 1.1). 
The ventral, or plantar surface, of segment V, is densely 
populated by long- recurved hairs designated sensilia type D. 
The average number of type D is 32.2 (28 to 36). The average 
dimensions of type D in micrometers are: length, 27.8 (21.0 
to 37.2); basal diameter, 2.3 (1.9 to 3.3); socket diameter, 
2.5 (2.1 to 3.5); and tip diameter, 0.5 (0.4 to 0.7). 
The pretarsus consists of a pair of long claws, a large 
tooth at the base of each claw, and a ventro-proximal ungui-
tractor plate consisting of numerous, overlapping, cuticular 
platelets (figures 192 to 195). 
The claws average 127 micrometers (103.8 to 157.8) in 
length and 19.4 micrometers (17.6 to 2l«2) in basal thickness. 
The outer surface of the claws have numerous, closely-spaced 
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striae that average 2.1 micrometers (1.6 to 3.1) apart. The 
inner surface of the claws have striae that average 4.6 micro­
meters (3.6 to 6.5) apart. 
The teeth average 48.7 micrometers (35.3 to 61.2) in 
length and 27.4 micrometers (19.6 to 32.6) in basal width. 
The striae on the outer surface of the teeth average 1.9 mi­
crometers (1.8 to 1.9) apart. 
The opposite, gripping surface of each claw and basal 
tooth is formed into deep cuticular scallops. The basal scal­
lops of the claws average 10.0 micrometers (9.9 to 10.1) and 
the distal scallops measure approximately 1.4 micrometers in 
width. The scallops of the tooth are more uniform, averaging 
4.7 micrometers (3.4 to 5.2). 
The overlapping edges of the cuticular platelets forming 
the outer surface of the unguitractor plate, are spaced an 
average of 1.1 micrometers apart. The membranous cuticle be­
tween the unguitractor plate and the teeth is covered with 
microtrichia with the following average dimensions in micro­
meters: length, 5.5 (1.2 to 9.6); basal diameter, 1.9 (1.2 
to 2.5); and tip diameter, 0.5 (0.3 to 1.0). 
Figure 172. Legs. Top is dorsal; note that the plantar 
surfaces of tarsi are rotated outward and are continuous 
with the outer surfaces of the upper legs. Bar represents 
137 micrometers. 
Figure 173. Forelegs, ventral view. Note that the dorsal 
tarsal surfaces are continuous with the inner tibial surfaces, 
cl, claw; fm, femur; pc, forecoxa; s, propleurosternum; tb, 
tibia; ts, tarsus (five segments). Bar represents 91 micro-
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Figure 174. Proximal forelegs. C, sensilla type C (foreooxa); 
Dr, dorsal surface; fm, femur ; I, inner surface; ml, maxilla; 
ms, mesopleurostemum; 0, outer surface; pc, forecoxa; 
s, propleurosternum; tc, trochanter (concave dorsal surface). 
Bar represents 37.8 micrometers. 
Figure 175. Articulation of forecoxae on the propleurosternum. 
C, sensilla type C; Dr, dorsal surface; rb, articular rib of 
coxa; s, propleurosternum; V, ventral surface; x, articular 
process of propleurosternum? arrow indicates tips of sensilla 
D1 located between the coxai rib and the articular process of 
the propleurosternum. Bar represents 19.8 micrometers. 
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Figure 176. Articular rib of forecoxa. Top left is dorsal 
(see figure 175). C, sensilla type C; Dl, sensilla Dl, a 
hair plate of five sensilla; rb, rib. Bar represents 3.72 
micrometers. 
Figure 177. Inner surface of forecoxa. Lower right is the 
proximal end of the coxa. C, tips of sensilla type C; D2, 
sensilla D2, a hair plate of three subequal hairs; D3, sen­
silla D3, a hair plate of widely spaced, unequal hairs (arrow 
indicates prcxinîal-ïïiost D3); Dr, dorsal surface; V, ventral 
surface. Bar represents 18.5 micrometers. 
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Figure 178. Dorsal, outer, foretrochanter; top is proximal. 
Dl, D2, D4, D5, sensilla D1 to D5, hair plates of four, four, 
two, and one hair(s), respectively; ip, inner articular proc­
ess; op, outer articular process; V, ventral surface. Bar 
represents 9.66 micrometers. 
figure 179. Inner foretrochanter, hair plate D3. The linear 
arrangement of the hairs is roughly parallel to that of D2 on 
the outer surface. Left is proximal. D3, sensilla D3. Bar 
represents 3.19 micrometers. 
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Figure 180. Outer surface of left forefemur. Left is prox­
imal, top is dorsal. A2, peg-like sensillum A2 on ventral 
tibia; Bl, B2, CI, C2, C3, C4, sensilla on femur; Dr, dorsal 
surface of femur; tb, tibia. Bar represents 38.6 micrometers. 
Figure 181. Inner surface of left forefemur ; top is dorsal, 
right is proximal. B3, CI, C3, C4, sensilla on femur; pc, 
forecoxa; tb, tibia; tc, trochanter. Bar represents 34.7 
micrometers. 
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Figure 182. Outer surface of right foretibia. Top is dorsal, 
right is proximal. A2, peg-like sensilium A2 on ventral 
tibia; B, six hair-like sensilla type B; CI, long, tapered 
bristles (two are present; others are broken); C2, stout, 
blunt-tipped bristles (six are present); C3, short, tapered 
bristles (four are present in a submarginal, dorsal row); D, 
sensillum D, a hair plate on the ventral, proximal tibia; fm, 
femur; tb, tibia; tsl, ts2, tarsal segments I, II; arrow 
indicates second dorsal notch (notches are numbered 1 through 
6 from the proximal end of the tibia). Bar represents 22.2 
micrometers. 
Figure 183. Inner surface of left foretibia. Top is dorsal, 
right is proximal* Al, blunt-tipped sensillum Al on dorsal 
tibia; A2, sharp-tipped sensillum on ventral tibia; B, hair­
like type B (five are present); CI, long, tapered bristle; C2, 
stout bristles; C3, short, tapered bristles; fm, femur; tb, 
tibia; tsl, tarsal segment I. Bar represents 19.8 micrometers. 
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Figure 184. Proximal, right foretibia, outer surface. CI, 
long, tapered bristle; C2, stout, blunt bristle (every dorsal, 
tibial notch has one C2 inserted on the outer margin of the 
notch - when present, bristles CI and C3 are always inserted 
on the inner margin of the notch); C3, short, tapered bristle; 
D, hair plate sensillum type D; E, placoid sensillum type E; 
fm, femur. Bar represents 7.87 micrometers. 
Figure 185. Blunt-tipped sensillum type 
dorsal, inner margin of the tibia). Bar 
crometers. 
A1 (located on the 
represents 1.07 mi» 

Figure 186, View of ventral, tarsal segment I; top is prox­
imal and left is dorsal (with respect to the upper leg). The 
tarsi of fleas are rotated outwards 90 (see beginning of 
section on forelegs); thus the ventral surface of the tarsus 
(Vt) corresponds with the outer tibia (O). C, sensilla type 
C (bristles) on tarsal segments I to IV; CI, C2, bristles on 
tibia; Dr, dorsal surface of tibia; E, placoid sensilium type 
E; It, inner surface of tarsus; O, outer surface of tibia; 
Ott> outer surface of tarsus; V, ventral surface of tibia; Vt, 
ventral surface of tarsus. Bar represents 6.94 micrometers. 
Figure 187. Ventral surface of dissected tarsal segment I. 
A2, sharp-tipped, peg-like sensilium type A2; C, sensilla type 
C (six bristles present); Dt, dorsal surface of tarsus; E, 
placoid sensilium type E (partially covered by detritus); It, 
Ot, Vt inner, outer, and ventral surfaces respectively, of 
tarsus. Bar represents 7.07 micrometers. 
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Figure 188. Ventral view of foretarsal segments II, III, and 
IV; outer surface is left, inner surface is right. Al, blunt-
tipped, peg -like sensilla type Al (one on distal, inner, tar­
sal segment II and two on distal, inner, tarsal segment III); 
A2, sharp-tipped peg, sensillum A2; A3, irregular, blade-like 
peg, sensilla A3; B, hair-like sensillum on distal, outer, 
tarsal segment III; C, sensilla type C (bristles). Bar repre­
sents 6.94 micrometers. 
Figure 189. Sensory pegs on outer, distal, tarsal segment II. 
A2, A3, C, sensilla A2, A3, C; ts2, ts3, tarsomeres II and 
III. Bar represents 2=58 micrometers. 
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Figure 190. Ventral view of foretarsal segments III, IV, and 
V; left is outer surface. Al, blunt-tipped, peg-like sensil-
lum type Al, two are present on inner, distal ts3 and two on 
distal ts4 (one each on the inner and outer surface); A3, 
irregular, blade-shaped sensory peg, A3; B, hair-like sensilla 
type 3 (one is present on distal, outer ts3, and two are pres­
ent on distal ts4, just medial to the two Al); C, sensilla 
type C (bristles) on tarsal segments III and IV (six are 
visible: one each on the distal, outer surfaces of ts3 and 
ts4; and two each on the distal, inner surfaces of ts3 and 
ts4); CI, sensilla type CI of tarsomere V, termed plantar 
bristles in the literature of Siphonaptera; kn, knob-a knurled 
process on the apices of all CI on ts5; ts3, ts4, ts5, tarsal 
segments III, IV, V; arrow indicates the boss, a sclerotized 
lateral process on all CI (limits outward movement of the CI). 
Bar represents 7.07 micrometers. 
Figure 191» Outer, ventro-distal tarsal segment III. A3, B, 
C, sensilla A3, B, C; ts3, 4, tarsal segments III and IV. Bar 
represents 2.60 micrometers. 
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Figure 192. Ventral view of tarsal segment V and pretarsus. 
Top left is inner surface. B, stout» short sensillum type B 
(always located on the inner side of the longitudinal midline 
of the segment); bt, basal tooth of pretarsus; CI, sensilla 
type CI (plantar bristles, seven of eight are visible in four 
pairs); C2, sensilla C2 (four are visible); C3, apico-medial 
bristle - sensillum C3; cl, claw of pretarsus; D, hair plate 
of 34 hairs (termed plantar hairs in the literature of Si-
phonaptera). Bar represents 15.4 micrometers. 
Figure 193. Lateral view of outer tarsal segment V. A, dis­
tal part of blade-like sensillum type A; B; sensillum type B; 
bt, basal tooth of pretarsus; Cl, C2, C3, bristles Cl, C2, C3; 
cl, claw of pretarsus; D, plantar hairs, sensilla type D; 
arrow indicates boss on lateral base of Cl. Note microtrichia 
at base of claw. Bar represents 6.64 micrometers. 
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Figure 194. Ventral view of distal tarsal segment V and pre-
tarsus; top is outer surface. Note scalloped structure of the 
gripping surfaces of the claws and basal teeth. A, blade-like 
sensillum type A; u, unguitractor plate of pretarsus. Bar 
represents 9.71 micrometers. 
Figure 195. Lateral, inner view of pretarsus and tarsal seg­
ment V. Note sinuous structure of sensillum C3. C3, sensil­
lum C3» kn, knob process of sensilla CI; arrow indicates 
distal part of sensory peg type Ac Bar represents 14.0 micro-
«uSUGJTS # 
ljui.miiaiuiu. 
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The Middle Legs 
The mesocoxae have a small, triangular sclerite, termed 
the articular sclerite, located proximally on the inner sur­
face of each coxa (figures 152, 198). The plate is set in 
membranous cuticle, studded with cuticular spicules that have 
the following average dimensions in micrometers: basal diam­
eter, 3.4 (2.1 to 5.0); length, 2.2 (1.2 to 2.9); and tip 
diameter 0.6 (0.5 to 0.8). The membranous cuticle extends in 
a groove to the dorsal, inner angle of the coxa. 
Four hair plates occur on the proximal surfaces of the 
coxa. A hair plate of three long, subequal hairs, designated 
sensilia type Dl, occurs on the ventral, proximal surface 
(figures 196, 200). The average dimensions of type Dl in 
micrometers are; length, 21.2 (16.1 to 25.5); basal diameter, 
2.2 (1.5 to 3.0): socket diameter, 3-5 (3=3 to 4,0); collar 
diameter, 5.7 (4.6 to 6.6). The second hair plate, designated 
type D2, consisting of five hairs, is located on the proximal, 
inner surface of the coxa, ventral to the articular sclerite 
(figures 152, 153, 197, 198, 199, 201). The average dimen­
sions of type D2 in micrometers are* length, 11.9 (6.4 to 
17.7); basal diameter, 1.7 (1.0 to 2.6); socket diameter, 2.7 
(2.0 to 3.9); and collar diameter, 4.0 (3.1 to 4.9). A third 
hair plate, designated type D3, consists of three unequal 
hairs (the proximal-most hair is shortest) located on the in­
ner, proximo-dorsal coxa, dorsal to the articular sclerite 
(figures 197, 198). The average dimensions of type D3 in 
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micrometers are: length, 15.5 (9.4 to 20.2); basal diameter, 
2.1 (1.6 to 2.7); socket diameter, 3.2 (2.8 to 3.6); and col­
lar diameter (collar is not always present), 5.2 (5.1 to 5.4). 
The fourth hair plate, designated D4, consists of four hairs 
and is located within the articular notch at the base of the 
outer coxa (figure 149, 196). The average dimensions of D4 in 
micrometers are: length, 14.3 (11.1 to 17.4); basal diameter, 
1.6 (1.2 to 2.1); socket diameter, 2.5 (2.3 to 2.8); collar 
diameter, 3»5 (3.4 to 3.7). 
The outer and ventral surfaces of the coxa are covered 
with an average of 20.8 (18 to 24) bristles, designated sen-
silla type C, which have the following average dimensions in 
micrometers: length, 94.0 (53.2 to 150.7); basal diameter, 
6.5 (4.5 to 8.4); socket diameter, 10.0 (7.3 to 13.8); and 
distance between fluted ridges* 1*2 (0.7 to 1.9). 
The mesotrochanter has five hair plates, similar to the 
arrangement of hair plates of the foretrochanter. A hair 
plate consisting of six hairs, designated sensilla type Dl, 
is located on the dorsal, outer surface of the trochanter on 
the dorsal surface of the outer, articular process (figure 
202). The hairs occur in a clump and have the following aver­
age dimensions in micrometers: length, 9.6 (8.0 to 13.3); 
basal diameter, 1.4 (0.9 to 1.9); socket diameter, 2.9 (1.8 
to 4.0); and collar diameter (the collar is usually not 
formed), 3,7 (2.9 to 5.0). 
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Ventral to the outer, articular process and occurring 
under the outer flange of the coxa, is a hair plate of six 
hairs, designated D2, arranged in a slightly curved line 
(figure 202). The average dimensions of type D2 in micro­
meters are: length, 13.2 (6.6 to 17.6); basal diameter, 1.7 
(1.0 to 2.6); socket diameter, 3.1 (2.3 to 3.8); and an ap­
proximate collar diameter of 5.1. On the inner surface of the 
trochanter, ventral to the inner articular process is a hair 
plate of six hairs, designated type D3, arranged linearly and 
having the following average dimensions in micrometers (figure 
203): length, 10.4 (6.0 to 13.5); basal diameter, 1.6 (1.1 to 
1.9); socket diameter, 2.6 (1.6 to 3.3); and collar diameter 
(collar usually not present), 3.8 (3.2 to 5.0). 
On the disto-dorsal surface of the trochanter, displaced 
slightly toward the outer surface, is a hair plate of two 
small hairs, designated sensilla type D4 (figures 202, 203), 
which have the following average dimensions in micrometers: 
length, 5.8 (4.1 to 8.3); basal diameter, 1.6 (1.1 to 2.0); 
socket diameter, 2.4 (2.1 to 2.9); and collar diameter, 3.7 
(3.5 to 3.8). On the distal margin of the dorsal surface is 
a long, stout, sensillum designated type D5, which has the 
following average dimensions in micrometers: length, 16.6 
(15.1 to 19.1); basal diameter, 2.5 (2.0 to 3.3); socket diam­
eter, 3.9 (3.3 to 4.3). 
On the convex, ventral surface of the trochanter are lo­
cated four bristles, designated sensilla type C, which have 
286 
the following average dimensions in micrometers: length, 80.4 
(67.0 to 104.2); basal diameter, 5.9 (4.2 to 7.6); socket 
diameter, 8.8 (6.8 to 11.4); and distance between fluted 
ridges, 1.2 (0.6 to 1.9) (figure 204). 
On the outer surface of the dorsal trochanter occur a 
group of four placoids, designated sensilla type E and which 
have an average diameter of 3.0 micrometers (2.4 to 3.6) (fig­
ure 202). Another group of placoids occur around the base of 
D5, but these were not observed with the SEM. 
The femur has a medio-dorsal row of trichoid sensilla 
(becoming two rows distally) (figures 204, 205), designated 
sensilla type Bl, that average 15.4 in number (14 to 18). 
Type Bl has the following average dimensions in micrometers: 
length, 38.0 (32.2 to 54.7); basal diameter, 4.3 (3.7 to 5 . 0 ) ;  
socket diameter, 6.1 (4.6 to 8.1); and distance between fluted 
ridges, 1.3 (1.1 to 1.6). The proximal, inner surface of the 
femur has one or two trichoid sensilla, designated type B2, 
averaging 1.5 in number (1 to 2), which have the following 
average dimensions in micrometers: length, 48.2 (38.3 to 
58.1); basal diameter, 2=4 (2=3 to 2.5); and socket diameter, 
5.1 (4.9 to 5.3). 
The proximal, ventral femur has a pair of recurved bris­
tles, designated sensilla type CI (figure 204), which have the 
following average dimensions in micrometers: length, 81.3 
(45.7 to 106.9); basal diameter, 5.3 (3.6 to 6.4); socket 
diameter, 9.0 (6.9 to 11.8); and distance between fluted 
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ridges, 1.1 (0.5 to 1.7). Distal to the row of Bl, is a pair 
of bristles, designated sensilla type C2 (figure 207), which 
have the following average dimensions in micrometers: length, 
62.8 (35.1 to 81.0); basal diameter, 7.7 (6.6 to 8.6); socket 
diameter, 9.5 (6.8 to 10.8); and distance between fluted 
ridges, 1.5 (1.3 to 1.8). On the disto-dorsal margin of the 
femur are a pair of longer, recurved bristles, type C3, that 
have the following average dimensions in micrometers: length, 
122.3 (75.1 to 187.6); basal diameter, 10,9 (9o7 to 12.2); 
socket diameter, 16.1 (13.2 to 21.1); and distance between 
fluted ridges, 1.8 (1.3 to 2.4). The disto-ventral femur has 
four or five bristles, type C4: two are located on the outer 
surface and two or three on the inner surface (4.3 average; 
range, 4 to 5) (figures 205, 206). The average dimensions of 
type C4 in micrometers are: length, 70.8 (36.8 to 87.7); 
basal diameter, 5.1 (3.1 to 6.9); socket diameter, 9.0 (4.2 
to 12.3); and distance between fluted ridges, 1.2 (0.8 to 1.6). 
On the dorsal, inner surface of the tibia, near the third 
notch (numbering from the proximal end) is located a sensory 
peg, designated sensillumtyps A1 (figures 208, 214), which has 
the following average dimensions in micrometers: length, 7.4 
(6.7 to 8.1); basal diameter, 2.1 (1.9 to 2.4); socket diam­
eter, 3.9 (3.8 to 4.0); collar diameter, 5.8; tip diameter, 
1.2 (1.0 to 1.4). On the medio-ventral surface of the tibia 
is a second, recurved sensory peg (figure 211), type A2, which 
has the following average dimensions in micrometers: length, 
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11.5 (10.1 to 13.0); basal diameter, 2.2 (1.8 to 2.7); socket 
diameter, 5.6 (5.6 to 5.7); and tip diameter, 0.3. 
Distal to A2 are two rows of trichoid sensilla, desig­
nated type B (figures 211, 213), which average 10.7 in number 
(9 to 12). The ventral, outer row has three to five sensilla, 
the ventral, inner row, three to five sensilla, and the dorsal 
surface of the tibia always has two type B, one located midway 
between notches two and three, and the other located midway 
between notches four and five. The average dimensions of type 
B in micrometers are: length, 42.7 (12.4 to 72.4); basal 
diameter, 3.7 (2.0 to 4.8); socket diameter, 5.9 (4.1 to 8.2); 
and distance between fluted ridges, 1.2 (1.1 to 1.3). 
Three long, slender, tapered bristles, designated sen­
silla type CI, occur on the dorsal surface of the tibia: one 
each on the inside margins of notches two and four, and one 
on the inside, dorsal, distal margin (figure 209). The aver­
age dimensions of type CI in micrometers are: length, 191.2 
(128.2 to 230.0); basal diameter, 11.2 (9.2 to 12.9); socket 
diameter, 17.4 (13.5 to 21.8); and distance between fluted 
ridges, 1.8 (1.4 to 2.2). 
An average of 15.5 (15 to 16) stout, blunt-tipped bris­
tles, type C2, occur on the tibia in the notches or on the 
dorsal or ventral, distal apices of the tibia (figures 209, 
212, 213). The average dimensions of C2 in micrometers are; 
length. 81,0 (30,8 to 118.0); basal diameter, 8.5 (5.6 to 11.3); 
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socket diameter, 11.0 (8.0 to 13.0); and distance between 
fluted ridges, 1.6 (1.1 to 2.4). 
An average of 8.3 (8 to 9), medium-sized, slender, ta­
pered bristles, type C3, occur on the tibia: a submarginal, 
dorsal row of six or seven on the outer surface; one on the 
inner surface of the first notch; and one each on the inner, 
distal apices (figures 209, 210, 211, 212, 213). The average 
dimensions in micrometers of type C3 are: length, 68.0 (46.2 
to 97.4); basal diameter- 5,6 (4=1 to 8.4); socket diameter, 
7.8 (5.6 to 9.7); and distance between fluted ridges, 1.1 (0.8 
to 1.4). 
The ventral, proximal surface of the tibia has a hair 
plate consisting of a single hair, designated type D (figure 
210), which has the following average dimensions in micro­
meters: length, 7.6 (6.4 to 8.8); basal diameter- 1.9 (1,8 
to 2.0); socket diameter, 4.0 (3.3 to 4.8); collar diameter 
(observed in only one specimen), 5.1. Around the type D are 
located three placoids (figure 210), one each on the outer and 
inner surfaces and one proximal to the type D. The outer 
placoid is largesti the average diameter of the placoids is 
4.8 micrometers (range 2.8 to 6.3). 
The number, arrangement, and size of sensilla on the mes-
al tarsus is very similar to that of the foretarsus. Five 
blunt-tipped sensory pegs designated type Al, occur on tarsal 
segments II, III, and IV. Inner, disto-ventral segment II has 
one; a pair are located on inner, disto-ventral segment III; 
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and two are located on disto-ventral segment IV, one each out­
side of a pair of slender, medial hairs (figures 218 to 221). 
The average dimensions of type Al in micrometers are: length, 
13.2 (8.8 to 18.0); basal diameter, 3.1 (2.2 to 3.9); socket 
diameter, 4.7 (3.8 to 5.7); and tip diameter, 1.5 (1.1 to 2.0). 
No collar structure was observed. 
A single, highly tapered sensory peg, designated type A2, 
occurs on the outer, disto-dorsal, articular surface of seg­
ment I (figures 216, 217). The average dimensions of A2 in 
micrometers are: length, 9.6 (8.7 to 10.0); basal diameter, 
1.7 (1.3 to 2.0); socket diameter, 2.5; collar diameter, 4.6; 
and tip diameter, 0.27 (0.2 to 0.3). 
Three irregular, blade-like sensory pegs, designated 
sensilla type A3, occur one each on the outer, disto-dorsal 
surfaces of segments II and III, and one on the inner, disto-
dorsal surface of segment IV (figures 217, 220, 221). The 
average dimensions of type A3 in micrometers are: length, 
9.7 (7.5 to 12.0); basal diameter, 2.1 (1.6 to 2.6); socket 
diameter, 4.0 (3.4 to 4.7); collar diameter, 6.1 (6-0 to 6.2); 
and tip diameter, 0.5 (0.5 to 0 . 6 ) .  
A pair of slender, hair-like sensilla, designated type B, 
occur on the disto-ventral surface of segment IV (figures 218, 
219). The average dimensions of type B in micrometers are: 
length, 53.9 (43.0 to 65.4); basal diameter, 3.0 (1.9 to 4.0); 
socket diameter, 4.7 (4.1 to 5.6); and distance between fluted 
ridges, 0.6. 
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An average of 27.5 (26 to 29) bristles, designated sen-
silla type C, occur on tarsal segments I through IV in the 
following distribution: segment I, 10 to 12; segment II, 8 
to 10; segment III, 4 to 5; and three on segment IV. The 
average dimensions of type C in micrometers are: length, 80.4 
(21.5 to 134.3); basal diameter, 6.7 (2.7 to 12.4); socket 
diameter, 7.6 (5.7 to 13.0); and distance between fluted 
ridges, 1.3 (0.9 to 1.9). 
A pair of placoids, designated sensilla type E, occur on 
tarsal segment I; one on the inner, disto-ventral surface and 
one on the medial, inner surface. Only the distal placoid was 
observed with the SEM, having an approximate diameter of 3.7 
micrometers (figures 215, 216). 
Pores observed on the dorsal surface of the tarsal seg­
ments averaged 0.6 micrometers in diameter. 
Tarsal segment V has an identical structure to that of 
foretarsal segment V. Within the disto-ventral, pretarsal 
cleft are a pair of recurved, blade-like sensory pegs, desig­
nated type A, located on each lateral, articular wall of the 
cleft (figures 222, 223). The average dimensions of type A 
in micrometers are; length, 16.4 (14.2 to 19*6); basal diam­
eter, 3.0 (2.5 to 3.5); maximum diameter (at the curved part 
of the "blade"), 3.3 (3.1 to 3.7); socket diameter, 4.0 (3.2 
to 4.4); collar diameter, 5.4 (5.0 to 5.8); and tip diameter, 
0.6 (0.3 to 1.0). 
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Proximal to the cleft, on the inner, plantar surface is 
located a short, stout sensilium, designated type B which has 
the following average dimensions in micrometers: length, 24.7 
(22.7 to 29.0); basal diameter, 7.5 (6.7 to 9.0); socket diam­
eter, 8.2 (6.7 to 10.8); and distance between fluted ridges, 
0.7 (0.5 to 0.9) (figures 219, 222). 
Four pairs of lateral, plantar bristles, type CI, occur 
on segment V, having the same structure and arrangement as 
those on the foretarsus (figures 219, 222)« The average di­
mensions of type CI in micrometers are: length, 57.0 (43.0 
to 78.5); transverse basal diameter (including boss), 14.2 
(12.0 to 15.0); longitudinal basal diameter, 9.7 (5.9 to 13.2); 
socket diameter, 13.8 (11.0 to 15.9); distance between fluted 
ridges, 1.4 (1.0 to 1.9); and diameter of apical knob, 2.7 
(1.6 to 3.8), 
Three pairs of slender bristles, designated type C2, 
occur on the disto-dorsal and lateral surfaces of segment V; 
the positions and lengths are nearly identical to that of the 
C2 located on the foretarsus (figures 219, 222, 225). The 
average dimensions of type C2 in micrometers are: length, 
64.2 (44.3 to 86.2); basal diameter, 3.6 (2.7 to 4.7); socket 
diameter, 5.7 (4.6 to 7.0); and distance between fluted ridges, 
1.0 (0.8 to 1.3). 
A long, sinuous bristle, type C3, is located proximal 
to the pretarsal cleft on the ventral surface and extends dis-
tally between the claws (figures 219, 225). The average 
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dimensions of C3 in micrometers are: length, 55.9 (48.7 to 
75.4); basal diameter, 5.0 (4.5 to 5.8); socket diameter, 5.9 
(4.6 to 7.0); and distance between fluted ridges, 0.9 (0.8 to 
1 . 1 ) .  
An average of 36.3 (35 to 38), long, slender, recurved, 
plantar hairs, designated type D, occur on the distal, plantar 
surface between the type CI (figures 219, 222). The average 
dimensions of type D in micrometers are: length, 28.1 (17.8 
to 36.5); basal diameter, 3s0 (2=2 to 3.7); socket diameter, 
3.9 (3.4 to 6.1); and tip diameter 0.5 (0.3 to 0.6). 
The average dimensions of the claws in micrometers are: 
length, 150.5 (99.8 to 182.2); basal diameter, 16.2 (13.9 to 
19.2); spacing between striae on the inner surface, 5.3 (4.7 
to 5.7); and basal spacing between scallops on the gripping 
surface of the claw, 3.7 (2.1 to 5.6). 
The average dimensions in micrometers of the teeth at the 
base of the claws are: length, 47.6 (32.5 to 58.4); basal 
diameter, 28.4 (25.0 to 31.8); and spacing between the scal­
lops on the gripping surface of the teeth, 3.6 (3.5 to 3.9). 
The unguitraetor plate, located proximo-ventral to the 
base of the claws, has four rows of overlapping platelets on 
either side of the plate, with a central, flat region showing 
typical striations (figure 224). The numbers of platelets 
observed in the rows beginning with the outer rows are: first 
row, 14; second row, 10; third row, 9; and innermost row, 5. 
The widths of the rows in micrometers are: first row, 5.2; 
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second row, 3.9 (3.5 to 4.4); third row, 2.8 (2.1 to 3.5) (the 
fourth row was not measured). The average lengths of the 
platelets in each row in micrometers are: first row, 2.0; 
second row, 2.3; third row, 3.3; and innermost row, 3.9. The 
average elevation of the overlapping surfaces of the platelets 
are 0.8 micrometers (0.6 to 1.3). 
A number of microtrichia occur on the flexible cuticle 
between the base of the teeth and the unguitractor plate (fig­
ures 222, 224). having the following average dimensions in 
micrometers: length, 3.4 (0.6 to 10.4); basal diameter, 1.8 
(0.7 to 2.7); and tip diameter, 0.35 (0.2 to 0.6). 
Figure 196. Proximal, outer mesocoxa; left is dorsal; right 
is ventral. C, sensilla type C (bristles); Dl, hair-like 
sensilla Dl, forming a hair plate of three, subequal hairs; 
D4, hair plate of four sensilla D4. Bar represents 20.2 micro­
meters . 
Figure 197. Proximal, inner mesocoxa; top is dorsal, bottom 
is ventral, as, articular sclerite; D2, hair plate of five 
sensilla D2; D3, hair plate of three, unequal, widely spaced 
sensilla D3Î Bar represents 22.7 micrometers. 
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Figure 198. Proximal, inner raesocoxa. Top right is ventral, 
lower left is dorsal (in respect to leg), as, articular 
sclerite; C, sensilla type C; D2, hair plate of five (two are 
visible) sensilla D2; D3, hair plate of three, widely spaced 
sensilla D3. Bar represents 14.4 micrometers. 
Figure 199. View of proximal, inner coxa, hair plate D2 (see 
figure 198 above). Top right is ventral. D2, sensilla D2 
(four of five are visible). Bar represents 3,86 micrometers. 
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Figure 200. Sensilla D1 on ventral, proximal mesocoxa. Left 
is ventral, top is proximal. Bar represents 3.62 micrometers. 
Figure 201. Sensilla D2 on proximal, inner surface of meso­
coxa, ventral to the articular sclerite. Top is ventral, left 
is proximal. Bar represents 2.14 micrometers. 
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Figure 202. Dorsal» outer surface of mesotrochanter; left is 
distal, lower right is proximal. C, sensilla type C (bris­
tles); Dl, a hair plate of six hairs located on the dorsal 
surface of the outer, articular process; D2, a hair plate of 
six hairs located ventral to the outer, articular process; D4, 
a hair plate of two, short sensilla (only one is visible); D5, 
sensillum D5; E, placoid sensilla type E (three are visible, 
two have central, dome-like structures similar to sensilla 
campaniformia); op, outer articular process. Bar represents 
9.70 micrometers. 
Figure 203. Inner surface of mesotrochanter, left is proximal, 
right is distal. Dl, hair plate of six hairs on the dorsal, 
outer- articular process; D3, hair plate of six hairs ventral 
to the inner, articular process (ip); D4, hair plate of two 
short sensilla D4; D5, sensillum D5; fm, femur. Bar repre­
sents 9.26 micrometers6 
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Figure 204. Ventral, outer inesotrochanter and femur; left is 
ventral, top right is proximal. Bl, hair-like sensillum on 
dorsal, proximal femur; C, type C on trochanter; CI, type CI 
on proximal ventral femur; D4, D5, hair plates on dorsal 
trochanter; fm, femur; mc, mesocoxa; tc, trochanter. Bar 
represents 14.1 micrometers. 
Figure 205. Distal, outer femur; top is proximal, right is 
dorsal. B, hair-like sensilla type Bl (eight are visible); 
04, sensilla C4. Bar represents 14-9 micrometers^  

Figure 206. Distal, inner mesofemur. Top is proximal, left 
is ventral. C4, sensilla C4. Bar represents 10.1 micro­
meters . 
Figure 207. Distal, outer mesofemur and tibia; top is prox­
imal, right is dorsal. C2, C3 on femur, C2, C3 (two of each, 
one C2 is broken); CI, long, tapered sensillum CI located on 
inner surface of second notch (2); C2, stout, blunt sensillum 
C2 located on outer surface of notches (C2 on first notch is 
broken); C3, short, tapered sensilla C3 (three are visible in 
a submarginal, dorsal row; one is present on the inner surface 
of the first notch); fm, femur; tb, tibia; 1, 2, dorsal tibial 
notches 1 and 2. Bar represents 14.6 micrometers » 
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Figure 208. Distal middle legs, fm, femur; tb, tibia; ts, 
tarsus (five segments); arrow indicates tibial sensilium Al. 
Bar represents 67 micrometers. 
Figure 209. Outer tibia; top is dorsal, left is proximal. 
B, hair-like sensilla type B (eight are visible); CI, long, 
tapered bristle CI (three are visible); C2, stout, blunt bris­
tle 02 (15 are visible); C3, short, tapered bristle C3 (nine 
are in a dorsal, submarginal row? one Is visible inserted on 
the inner surface of the first notch); fm, femur; tb, tibia; 
tsl, tarsal segment I. Bar represents 39.5 micrometers. 
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Figure 210. Outer, proximal mesotibia; top is dorsal, right 
is proximal. CI, C2, bristles CI, C2 at second notch of tibia; 
D, hair plate of one hair; E, placoid sensillum type E; fm, 
femur; tb, tibia. Bar represents 5.74 micrometers. 
Figure 211. Outer, ventral, proximal mesotibia. Top is 
dorsal, left is proximal. A2, peg-like sensillum A2J B ,  
hair-like sensilla type B (four are visible); C3, short, 
tapered bristle C3 (seven are visible in a subdorsal row)• 
Bar represents 14.0 micrometers. 
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Figure 212. Dorsal mesotibia; top is dorsal, right is distal. 
Cl, C2, C3, sensilla type Cl, C2, C3 (one Cl is visible on 
inner surface of fourth notch; seven C2 are visible along dor­
sal edge; seven C3 are present in a submarginal, dorsal row). 
Bar represents 14.8 micrometers. 
Figure 213. Distal mesotibia, top is dorsal. B, CI, C2, C3, 
sensilia B, CI, C2, C3 (parts of four type B are visible along 
ventral margin; one CI is visible on inner, dorsal apex; 11 C2 
are present; five C3 are present in a submarginal row). Bar 
represents 16.1 micrometers. 
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Figure 214. Sensillum Al, present on dorsal, inner tibia. Bar 
represents 1.49 micrometers. 
Figure 215. Tarsal segment I, ventral surface (corresponds 
with the outer surface of the tibia). C, B, sensilla type C, 
E (11 type C are visible on tarsal segment I; the placoid, 
sensillum type E, is always present on the inner, disto-ventral 
surface of tarsal segment I); tb, tibia; tsl, ts2, tarsal seg­
ments I and II. Bar represents 14.6 micrometers. 
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Figure 216. Distal tarsal segment I, ventral surface. Top 
is inner surface. Tarsal segment III was removed to reveal 
sensillum A2. Alt E, C, sensilla. (eight sensilla type C 
are visible). Bar represents 7.11 micrometers. 
Figure 217. Disto-dorsal tarsal segment II; top left is inner 
surface. A2, A3, C, sensilla A2, A3, C (six C are visible); 
ts2, ts3, tarsal segments II and III. Bar represents 6.96 
micrometers. 
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Figure 218. Ventral tarsal segments II, III, IV, V; top left 
is outer surface. Al, peg-like sensilla A1 (one is present on 
distal, inner ts2; two are present on inner, distal ts3; and 
two are present on distal ts4, one lateral to each type B); B, 
sensilla type B (only two are present on raesoleg - on disto-
ventral ts4;; C, sensilla type C (ten are visible); ts2, 3, 4, 
5, tarsal segments II to V. Bar represents 14.2 micrometers. 
Figure 219. Ventral tarsal segments III, IV, V; top is inner 
surface. A, irregular, blade-like sensillum on ts5 (two are 
present); Al, peg-like sensilla Al on tarsal segments III and 
IV (four are visible); 5, a stouc sensillum type B on distal, 
inner ts5; bt, basal tooth of pretarsus; CI, four pairs of 
sensilla type CI (plantar bristles); C2, slender sensilla C2 
on ts5 (four are visible); C3, sinuous sensilla C3 on disto-
ventral ts5; cl, claw of pretarsus; D, hair plate of 36 sen­
silla type D; ts3, 4, 5, tarsal segments III to V; u, ungui-
tractor plate on pretarsus. Bar represents 23.2 micrometers. 
318 
Figure 220. Distal tarsal segment III; bottom left is ventral, 
top left is inner surface. Al, A3, C, sensilla A1, A3, C (A3 
is broken); It, inner surface of tarsus; Vt» ventral surface 
of tarsus. Bar represents 5.70 micrometers. 
Figure 221. Distal tarsal segment III; top is dorsal, right 
is inner surface. Al, A3, C, sensilla; It, inner surface of 
tarsus; Vt, ventral surface of tarsus. Bar represents 5.84 
micrometers. 
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Figure 222. Disto-ventral, tarsal segment V and pretarsus; 
top is outer surface. A, irregular, blade-like sensilla type 
A (two are present); B, stout sensillum type B; bt, basai 
tooth of pretarsus; Cl, sensilla Cl (plantar bristles, six 
are visible plus the tips of the first pair); C2, slender 
bristles C2 (four are visible); C3, sinuous sensillum C3 on 
distal ts5; cl, claw of pretarsus; D, hair plate of approx­
imately 35 sensilla type D (plantar hairs); kn, knurled, knob­
like process at tip of first three pairs of Cl; u, unguitractor 
plate on basal pretarsus. Bar represents 12.7 micrometers. 
Figure 223. Sensillum type A. A, sensillum; white lines 
represent the plane of maximum diameter of the shaft of the 
sensillum (see text). Bar represents 1.19 micrometers. 
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Figure 224. Base of pretarsus. Note: structure of platelets 
on ungultractor plate; microtrichia between unguitractor plate 
and basai teeth, bt, basai tooth; C3, distal sensilium C3 of 
tarsomere V; u, unguitractor plate. Bar represents 4.87 micro 
meters. 
Figure 225. Dorso-distal tarsal segment V and pretarsus. bt, 
basai tooth; C2, C3, sensilla C2, C3 (five C2 are visible); 
cl, claw. Bar represents 9.85 micrometersî 
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The Hind Legs 
The metacoxae are very similar to the mesocoxae; the 
articular sclerite on the proximal, inner wall of the coxa is 
smaller and the membranous cuticle is not as extensive 
(figure 225). 
Four hair plates occur at the base of the coxa and are 
similar to the hair plates on the mesocoxa. On the proximo-
ventral surface is a hair plate of three, long hairs, desig­
nated sensilla type Dl (figures 170, 232, 233), that have the 
following average dimensions in micrometers: length, 16.8 
(13.5 to 21.6); basal diameter, 2.1 (1.5 to 2.8); socket diam­
eter, 3.4 (2.6 to 3.9); and collar diameter (usually not 
present), 5.2 (4.9 to 5.6). On the inner surface, ventral to 
the articular sclerite is a hair plate with an average of 3.5 
hairs (3 to 4) designated type D2 (figures 171, 226. 232) that 
have the following average dimensions in micrometers: length, 
7.0 (3.7 to 12.1); basal diameter, 1.4 (1.0 to 1.7); socket 
diameter, 3.3 (2.6 to 4.1); and collar diameter, 7.0 (6.9 to 
7.2). 
On the dorso-proximal surface of the coxa is a hair plate 
of three hairs, of which the basal hairs are longest (figure 
234), designated type D3, and which have the following average 
dimensions in micrometers: length, 17.5 (10.7 to 22.2); basal 
diameter, 2.0 (1.7 to 2.5); socket diameter, 3.5 (3.1 to 4.1); 
and collar diameter, 5.3 (only one collar was observed). 
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On the proximal, outer surface of the coxa, within the 
articular notch (figure 235), is the fourth hair plate, con­
sisting of three hairs designated type D4, which have the 
following average dimensions in micrometers: length, 9.7 (5.7 
to 11.8); basal diameter, 1.6 (1.1 to 2.2); socket diameter, 
2.5 (2.1 to 2.9); and collar diameter, 3.8 (3.2 to 5.0). 
On the distal and ventral portions of the outer surface 
of the coxa are an average of 47 (40 to 55) bristles, desig­
nated type CI (figures 227, 231). The average dimensions of 
the type CI in micrometers are: length, 77.2 (40.9 to 148.8); 
basal diameter, 6.0 (4.3 to 11.5); socket diameter, 9.9 (6.2 
to 21.3); and distance between fluted ridges, 1.3 (1.0 to 1.7). 
Near the ventral margin of the distal, inner surface of 
the coxa is a patch of spiniform bristles, designated sensil-
la type C2, and averaging 20.6 in number (13 to 28) (figures 
227, 228, 229, 230). The average dimensions of the type C2 
in micrometers are: length, 18.0 (15.6 to 23.2); basal diam­
eter, 4.8 (3.8 to 6.2); maximum diameter, 5.3 (4.2 to 6.3); 
socket diameter, 6.0 (5.1 to 7.5); tip diameter, 0.7 (0.5 to 
liO); and distance between fluted ridges (observed in only 
two sensilla), 1.3 (0.9 to 1.8). 
The metatrochanter has five hair plates arranged nearly 
identical to those of the mesotrochanter. A cluster of six 
hairs, designated type Dl, occur on the dorsal surface of the 
outer, articular process (figures 236, 237, 238). The average 
dimensions of type Dl in micrometers are: length, 11,0 
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(6.2 to 16.6); basal diameter, 1.6 (1.1 to 2.4); socket diam­
eter, 3.1 (2.2 to 4.0); and collar diameter, 4.7 (3.7 to 5.9). 
The second hair plate, consisting of six linearly arranged 
hairs, type D2, occurs on the outer surface of the trochanter, 
ventral to the articular process (figure 238). The average 
dimensions of type D2 in micrometers are: length, 12.5 (11.4 
to 13.7); basal diameter, 2.1 (1.7 to 2.6); socket diameter, 
3.4 (3.1 to 3.7); and collar diameter (the collar is usually 
absent), 4.8. 
The third hair plate of six linearly arranged hairs, type 
D3, occurs on the inner surface of the trochanter, ventral to 
the inner articular process (figures 238, 239). The average 
dimensions of D3 in micrometers are: length, 15.3 (7.4 to 
21.3); basal diameter, 2.6 (1.8 to 3.7); socket diameter, 4.2 
(2.8 to 6.0); and collar diameter (usually absent), 5.0. 
A fourth hair plate of two small hairs, type D4, are 
located on the disto-dorsal surface of the trochanter, just 
inside the midline (figures 237, 238). The average dimensions 
of D4 in micrometers are: length, 7.1 (5.2 to 9.2); basal 
diameters lo4 (0.8 to 2.1); socket diameter, 2.3 (1.8 to 3.0); 
collar diameter, 2.7 (2.6 to 2.8); and tip diameter, 1.0. 
Near the disto-dorsal margin of the trochanter is the 
fifth hair plate consisting of a single, large sensilium, type 
D5, which has the following average dimensions in micrometers: 
length, 17.7 (14.7 to 20.0); basal diameter, 3.1 (2.0 to 3.6); 
and socket diameter, 4.0 (3.2 to 4.4). 
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An average of six (5 to 7) bristles designated type C, 
occur on the ventral, convex surface of the trochanter and 
have the following average dimensions in micrometers s length, 
111.3 (66.0 to 163.7); basal diameter, 6.1 (5.1 to 7.4); 
socket diameter, 8.3 (5.5 to 10.2); and distance between 
fluted ridges, 1.1 (0.7 to 1.8) (figure 236). 
A group of an average of 3.7 (2 to 5) placoids , desig­
nated sensilla type E, occur near the base of D4 and have an 
average diameter of 3.6 micrometers (2.0 to 4.9) (figure 238). 
The femur has a medial, dorsal row of hair-like sensilla, 
designated type B, that average 16.9 (16 to 19) in number 
(figures 240, 241). The type B have the following average 
dimensions in micrometers: length, 28.9 (16.7 to 46.9); basal 
diameter, 4.4 (3.0 to 5.4); socket diameter, 6.0 (4.6 to 7.9); 
and distance between fluted ridges* 1«1 (1*0 to 1.1). 
The proximo-ventral margin of the femur has two curved 
bristles (figures 236, 240, 241), designated CI, that have the 
following average dimensions in micrometers: length, 86.3 
(52.5 to 104.9); basal diameter, 6.3 (4.9 to 8.5); socket 
diameter, 8.9 (8.3 to 10.2); and distance between fluted 
ridges, 1.3 (1.1 to 1.7). Distal to the row of type B are a 
pair of bristles, type C2, that have the following average 
dimensions in micrometers: length, 59.6 (55.2 to 62.7); basal 
diameter, 5.4 (4.8 to 6.2); socket diameter, 10.0 (9.0 to 
11:0); and distance between fluted ridges, 1.4, The disto-
dorsal margin of the femur has a pair of longer, curved 
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bristles, type C3, that have the following average dimensions 
in micrometers; length, 129.3 (63.4 to 179.3); basal diam­
eter, 13.2 (9.6 to 17.8); socket diameter, 18.3 (15.9 to 20.7); 
and distance between fluted ridges, 2.1 (1.8 to 2.3). An aver­
age of 9.1 (7 to 10) bristles, type C4, occur along the ven­
tral margins of the femur; a row of five to eight on the outer 
surface and two on the distal, inner surface (figures 240, 
241). The average dimensions of type C4 in micrometers are; 
lengths 78:6 (62,9 to 124.6); basal diameter, 4.8 (3.5 to 8.9); 
socket diameter, 8.5 (6.3 to 15.6); and distance between 
fluted ridges, 0.9 (0.9 to 1.0). 
A blunt-tipped sensory peg, designated type Al, occurs 
near the dorsal, inner margin of the tibia between the second 
and third notches (numbering from the proximal end) (figures 
243, 244, 245), and has the following average dimensions in 
micrometers: length, 9.5 (7.8 to 10.5); basal diameter, 2.6 
(1.8 to 3.3); socket diameter, 4.7 (3.7 to 5.5); collar diam­
eter, 7.5 (6.6 to 8.5); and tip diameter, 1.0 (0.6 to 1.3). 
A second, tapered, recurved sensory peg, type A2, occurs on 
the medial, ventral surface of the tibia (figure 244) and has 
the following average dimensions in micrometers; length, 10.4 
(8.2 to 13.0); basal diameter, 2.1 (1.9 to 2.4); socket diam­
eter, 5.0 (4.5 to 6.0); and tip diameter, 0.35 (0.3 to 0.4)'. 
An average of 6.2 (6 to 7) hair-like sensilla, designated 
type B, occur on the tibia. A row of four or five occur on 
the inner, ventral surface of the tibia, distal to the A2; and 
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two occur on the dorsal margin, one near the second notch and 
one between notches four and five (figures 243, 244). The 
average dimensions of type B in micrometers are: length, 
31.7 (27.1 to 43.7); basal diameter, 3.5 (1.7 to 6.4); socket 
diameter, 6.1 (2.5 to 8.1); and distance between fluted ridges, 
0.8 (0.5 to 1.4). 
Six long, tapered bristles, designated CI, have the fol­
lowing distribution on the tibia: two on the disto-ventral 
margin; two on the disto-dorsal margin; and one each on the 
inner surfaces of notches two and four (figures 242, 243). 
The average dimensions of type CI in micrometers are* length, 
275.1 (193.1 to 344.0); basal diameter, 12.5 (9.6 to 16.9); 
socket diameter, 17.3 (13.8 to 21.1); and distance between 
fluted ridges, 1.9 (1.4 to 2.9). An average of 12.2 (11 to 
14) shorter, stout, blunt-tipped bristles designated type C2, 
are located at the dorsal notches and the dorsal and ventral, 
apices of the tibia (figures 242, 243, 248). The average di­
mensions of the type C2 in micrometers are: length, 108.4 
(62ol to 153.1); basal diameter, 12.7 (7.9 to 20.4); socket 
diameter, 17.1 (10.5 to 28.9); and distance between fluted 
ridges, 1.7 (1.4 to 2.2). An average of 22 (19 to 25), medium-
sized, tapered bristles, designated type C3, occur along the 
dorsal, distal and ventral margins of the tibia. A dorsal, 
submarginal row of C3 occurs on the outer surface of the tibia 
(similar to the submarginal rows on the fore- and mesotibia), 
consisting of an average of 10.2 (9 to 12) bristles 
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(figures 242, 243, 244). The average dimensions of type C3 
in micrometers are: length, 76.4 (62.7 to 88.7); basal diam­
eter, 6.2 (4.8 to 8.4); socket diameter, 8.0 (6.9 to 12.2); 
and distance between fluted ridges, 1.3 (1.1 to 1.6). 
A hair plate consisting of two, short, recurved sensilla, 
designated type D, is located on the proximo-ventral surface 
of the tibia (figures 246, 247). The average dimensions of 
type D in micrometers are: length, 8.7 (5.5 to 11.3); basal 
diameter, 2.2 (1=3 to 3,1); socket diameter, 5.5 (3.5 to 6.4); 
and tip diameter, 0.65 (0.6 to 0.7). Three placoids, desig­
nated sensilla type E, occur near the type D, one on the 
lateral surface of the tibia, one on the inner surface, and 
one proximal to the type D (figures 246, 247). The placoids 
have an average diameter of 7.4 micrometers (3.8 to 10.5). 
The number, structure, and arrangement of sensilla on the 
metatarsus is considerably different from that of the fore-
and mesotarsus. Generally, there are fewer sensory pegs and 
an increase in the length, number, and structural forms of 
bristles. Tarsal segment I is greatly increased in length 
compared to the fore- and mesotarsus, and resembles the tibia 
in shape and arrangement of bristles. The proximal base of 
segment I has three strongly developed cuticular, brace-like 
structures on the outer, ventral, and inner surfaces (figures 
248, 249); the brace on the inner, ventral surface is largest, 
having a proximo-distal length of 29.7 micrometers, and a 
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distal diameter of 22.0 micrometers (only one specimen was 
measured) (figure 249). 
A single, blunt-tipped sensory peg, designated sensillum 
type Al, occurs on the distal, outer, ventral surface of seg­
ment IV, just lateral to a slender hair (figures 254, 256). 
The average dimensions of the type Al in micrometers are: 
length, 13.2 (10.5 to 16.5); basal diameter, 2.6 (2.2 to 3.1); 
socket diameter, 4.8 (3.1 to 5.7); collar diameter (only one 
was observed). 3.9; and tip diameter, 1.4 (0.6 to 2.8). 
Two tapered sensory pegs, type A2, occur, one each on the 
disto-dorsal articular surfaces of segments I and II (figures 
251, 252, 253). The average dimensions of type A2 in micro­
meters are J length, 7.1 (5.6 to 8.2); basal diameter, 1.5 
(1.0 to 2.0); socket diameter, 3.3 (2.6 to 4.1); collar diam­
eter (only one was observed), 3.3; and tip diameter. 0-25 (0=2 
to 0.3). 
An average of 3.2 (3 to 4), irregular, blade-like pegs, 
type A3, occur on segments III and IV: two occur on the me­
dial and distal, outer surfaces of segment III; one occurs on 
the dorsG-uistal, inner surface of segment IV; and a spurious 
peg is sometimes found on the outer, distal, dorsal surface of 
segment IV (figures 254. 255, 256, 257). The average dimen­
sions of type A3 in micrometers are: length, 9.0 (6.5 to 
12.4); basal diameter, 2.3 (1.3 to 2.8); socket diameter, 4.2 
(2.5 to 6.5); collar diameter, 5.8 (4.7 to 6.6); and tip diam­
eter, 0.5 (0.3 to 0.9). 
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Two slender, hair-like sensilla, designated type B, occur 
on the distal margin of ventral segment IV and have the fol­
lowing average dimensions in micrometers: length, 74.2 (57.4 
to 88.6); basal diameter, 3.8 (3.4 to 4.6); socket diameter, 
6.7 (4.7 to 9.5); and distance between fluted ridges, 1.2 (0.9 
to 1.5) (figures 254, 256). 
An average of 38.0 (36 to 43) tapered bristles, desig­
nated sensilla CI, occur on segments I through IV: 24.4 (22 
to 29) on segment I; 8,7 (8 to 10) on segment II; 1*8 (1 to 2) 
on segment III; and three on segment IV (figures 250, 253, 
254, 256). The average dimensions of CI in micrometers are: 
length, 106.2 (39.5 to 293.4); basal diameter, 7.6 (4.5 to 
15.2); socket diameter, 9.9 (6.4 to 18.5); distance between 
fluted ridges, 1.5 (0.8 to 1.9); and tip diameter, 1.4 (0.6 
to 2.7). An average of 17.3 (17 to 18) stout, blunt-tipped 
bristles, type C2, occur on tarsal segments I through IV; 
mostly on the inner, ventral surfaces: 6.3 (6 to 7) on seg­
ment I; 5.1 (5 to 6) on segment II; five on segment III; and 
one on segment IV (figures 251, 253, 254, 255). The average 
dimensions of type 02 in micrometers are: length, 85.7 (33.9 
to 127.3); basal diameter, 12.5 (7.8 to 15.6); socket diameter, 
13.9 (9.4 to 17.5); distance between fluted ridges, 2.1 (1.0 
to 2.9); and tip diameter, 3.2 (1.3 to 6.3). An average of 
seven (4 to 10) slender bristles, type 03, occur on the plan­
tar surfaces of segments I through III: 4.8 (2 to 7) on seg­
ment I; 1.3 (1 to 2) on segment II; and one on segment III 
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(figures 248, 254, 255). The average dimensions of type C3 
in micrometers are: length, 70.6 (58.1 to 90.5); basal diam­
eter, 4.2 (3.4 to 4.7); socket diameter, 5.1 (4.7 to 7.3); and 
distance between fluted ridges, 1.2 (1.0 to 1.5). Three plac­
oid sensilla, designated type E, occur on the inner, ventral 
surfaces of segment I which may be seen with the light micro­
scope: one near the distal margin, and one behind each of the 
two notches on the inner margin of the segment. Only the 
distal-most placoid was observed with the SEM and its diam­
eter is 3.6 micrometers (figure 250). 
The structure of metatarsal segment V is nearly identical 
to the structures of segments V on the fore- and mesotarsi. 
Two recurved, blade-like sensilla, type Al, occur on each 
ventral, lateral, articular surface of the pretarsal cleft 
(figures 258, 259, 260) and have the following average dimen­
sions in micrometers: length, 15.7 (11.1 to 19.1); basal 
diameter, 2.9 (2.5 to 3.3); maximum diameter, 3.8 (3.0 to 
4.3); socket diameter, 4.5 (3.2 to 6.0); collar diameter, 5.8 
(4.3 to 7.3); and tip diameter, 0.5 (0.3 to 1.0). On the 
outers distc-ventral surface of segment v is a blade-like 
sensory peg, type A2, that is very similar to the type A3 on 
tarsal segments III and IV (figures 258, 259, 260). Unlike 
type Al in the pretarsal cleft, the base of the peg is insert­
ed in membranous cuticle on the floor of the socket (figure 
260). The average dimensions of type A2 in micrometers are: 
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length, 9.6 (7.9 to 10.5); basal diameter, 2.4 (2.1 to 2.8); 
socket diameter, 4.0; and tip diameter, 0.7 (0.4 to 1.0). 
Proximal to the pretarsal cleft, on the inner plantar 
surface is a stout sensillum designated typé B (figures 258, 
259), which has the following average dimensions in microme­
ters; length, 25.8 (22.4 to 32.0); basal diameter, 6.9 (4.9 
to 8.1); socket diameter, 7.8 (6.9 to 8.6); and distance be­
tween fluted ridges, 1.2 (0.9 to 1.5). 
Four pairs of plantar bristles, type CI, occur on seg­
ment V, having the same spacing and structure as those of the 
fore- and mesotarsi (figures 258, 259). The average dimen­
sions of type CI in micrometers are: length, 71.6 (51.2 to 
92.5); transverse basal diameter (including boss), 14.4 (11.8 
to 17.3); longitudinal basal diameter, 9.3 (6.4 to 12.3); 
socket diameter, 13.5 (9.0 to 16.9); distance between fluted 
ridges, 1.3 (0.9 to 1.5); and diameter of apical knob, 2.8 
(1.0 to 4.2). Three pairs of slender bristles, type C2 (fig­
ures 258, 259), occur on the disto-dorsal and lateral surfaces 
and have the following average dimensions in micrometers: 
length, 89.8 (53.5 to 119.1); basal diameter, 4.0 (3.1 to 6.6); 
socket diameter, 6.0 (4.7 to 8.2); and distance between fluted 
ridges, 1.0 (0.5 to 1.5). A single, sinuous bristle, type C3 
(figures 258, 259, 261), occurs proximal to the pretarsal 
cleft and extends distally between the claws. The average di­
mensions of type C3 in micrometers are: length, 73.0 (50.5 
to 89.2); basal diameter, 6.1 (5.4 to 6.6); socket diameter. 
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6.7 (5.8 to 7.3); distance between fluted ridges, 1.0 (0.7 to 
1.3); and tip diameter, 1.1. 
An average of 40.6 (32 to 48) plantar hairs, designated 
type D, occur distally, between the CI. The average dimen­
sions of the type D in micrometers are: length, 32.3 (25.4 
to 38.3); basal diameter, 3.0 (2.2 to 3.3); socket diameter, 
3.4 (2.6 to 4.1); and tip diameter, 0.6 (0.4 to 1.1). 
The average dimensions of the claws in micrometers are: 
length, 133.3 (102.5 to 162.8); basal diameter, 20=5; spacing 
between striae on the outer surface, 4.3 (4.0 to 4.6), the 
spacing between striae on the inner surface, 1.8 (1.5 to 2.1); 
spacing between basal scallops on the gripping surface of the 
claws, 4.6 (3.9 to 5.6); spacing between distal scallops, 1.6 
(0.9 to 2.4). The average dimensions in micrometers of the 
teeth at the base of the claws are: length, 50.2 (43.2 to 
57.2); basal diameter, 38.7; and spacing between scallops on 
the gripping surface, 4.1 (2.6 to 4.6). 
Proximal to the base of the claws is the unguitractor 
plate (figure 261) which has the same structure as that of the 
mesotarsus. The number of platelets in each row, beginning 
laterally are; row 1, 16.5 (16 to 17); row 2, 12.5 (12 to 13); 
row 3, 9.5 (9 to 10); and row 4, 8.5 (8 to 9). The average 
elevation of the overlapping surfaces of the platelets is 0.85 
micrometer (0.8 to 0.9). Accurate measurements could not be 
made of other dimensions of the plateletsd 
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Between the base of the teeth and the unguitractor plate 
are numerous microtrichia (figures 258, 259, 261), which have 
the following average dimensions in micrometers: length, 3.0 
(0.5 to 7.9); basal diameter, 1.3 (0,8 to 2.7); and tip diam­
eter, 0.3 (0.2 to 0.4). 
Figure 226. Inner, proximal surface of metacoxa; top right 
is the ventral surface of coxa, as, articular sclerite; CI, 
bristles type CI; C2, spiniform bristles; D2, hair plate of 
three or four sensilla type D2; mts, metasternum. Bar repre­
sents 21.3 micrometers. 
Figure 227. Inner, distal surface of metacoxa; top left is 
ventral surface. C, CI, C2, sensilla type C on coxa, tro­
chanter, femur; fm, femur; tc, trochanter; arrow indicates 
tips of sensilla C3 of trochanter. Bar represents 27.8 micro­
meters. 
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Figure 228. Distal, inner metacoxa; spiniform bristles. Top 
is ventral, right is proximal. Note one type C (arrow) inter­
mediate in structure between type CI and type 02. CI, bris­
tles; C2, spiniform bristles. Bar represents 10.6 micrometers. 
Figure 229. Distal, inner metacoxa; top is ventral, left is 
proximal. CI, C2, sensilla CI and C2. Bar represents 11.0 
micrometers. 

Figure 230. Spiniform bristle, sensillum type C2. Top is 
ventral, right is proximal. Bar represents 1.27 micrometers. 
Figure 231. Outer, distal metacoxa; top is ventral, left is 
proximal. CI, sensilla type CI (bristles); tc, trochanter. 
Bar represents 26.7 micrometers. 
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Figure 232, Proximal, inner, ventral raetacoxa. Lower left 
is proximal, lower right is ventral, as, articular sclerite; 
Dl, hair plate of three sensilla Dl; D2, hair plate of three 
sensilla D2. Bar represents 6.99 micrometers. 
Figure 233. Sensilla Dl. Top is proximal, right is ventral. 
Dl, sensilla Dl; arrow indicates double tip of center Dl. Bar 
represents 4.35 micrometers. 
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Figure 234. Proximo-dorsal metacoxa; sensilla D3. Left is 
dorsal, top is proximal. D3, sensilla D3. Bar represents 
5.52 micrometers. 
Figure 235. Proximal, outer coxa at articular cleft; top is 
proximal. D4, hair plate of three sensilla D4. The tip of 
the central D3 appears to be double or cleft (arrow). Bar 
represents 4.60 micrometers. 
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Figure 236. Metatrochanter; right is ventral; top is proximal. 
C, sensilla type C on metacoxa, trochanter; CI, sensilla CI 
on femur; Dl, sensilla D1 on dorsal surface of outer articular 
process; fm, femur; he, metacoxa; op, outer articular process; 
tc, trochanter. Bar represents 13.4 micrometers. 
Figure 237. Metatrochanter, left is dorsal, top is proximal. 
CI, bristles on metacoxa; Dl, hair plate of sensilla Dl (five 
are visible) on the dorsal» outer, articular process? D4 = D5; 
sensilla D4, D5; fm, femur; he, metacoxa; ip, inner articular 
process; op, outer articular process; tc, trochanter. Bar 
represents 7.40 micrometers. 
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Figure 238. Dorsal metatrochanter; top is proximal, right is 
outer surface. Metacoxa was removed. B, sensilla type B on 
dorsal femur; Dl, a hair plate of six type D on dorsal surface 
of outer articular process (op); D2, a hair plate of six type 
D2 on outer surface of trochanter, ventral to op; D3, a hair 
plate of six type D3 on inner surface of trochanter, ventral 
to inner articular process (ip); D4, a hair plate of two, 
short type D4, on disto-dorsal trochanter; D5, stout sensillum 
D5 on disto-dorsal trochanter; E, placoid sensilla type E, on 
outer, dorsal surface of trochanter; fm, femur; ip, inner ar­
ticular process; op, outer articular process. Bar represents 
15.0 micrometers. 
Figure 239. Inner surface of metatrochanter, top right is 
proximal, bottom left is ventral. D3, hair plate of six hairs; 
ip, inner articular process; arrow indicates a D3 with double 
tip. Bar represents 6=17 micrometers. 
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Figure 240. Outer surface of metafemur; top left is dorsal; 
top right is proximal. B, CI, C2, C3, C4, sensilla on femur; 
fm, femur; he, metacoxa; te, trochanter. Bar represents 38.9 
micrometers. 
Figure 241. Inner surface of rnetatrochanter; top is dorsal, 
left is proximal. B, CI, C2, C3, C4, sensilla on femur 
(three of the type C4 are broken); fm, femur; tb, tibia. 
Bar represents 42.0 Tr.icrometers. 
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Figure 242. Outer surface of distal metaleg; lower left is 
dorsal. B, sensilla type B along ventral margin of tibia; CI, 
long, tapered bristles (six are visible: two at each distal, 
apical margin; and one each at notches 3 and 5); C2, stout, 
blunt-tipped bristles (12 are visible); 03, short, tapered 
bristles (10 are in a dorsal, submarginal row, and two or three 
near the disto-ventral apex); fm, femur; tb, tibia; ts, tarsus. 
Bar represents 69.0 micrometers. 
Figure 243. Inner surface of raetatibia: right is ventral» top 
is proximal. Note rugose-scaled texture of striae on inner 
tibia. Al, sensory peg A1 near fourth notch; B, hair-like 
sensilla type B (four along ventral margin and two on dorsal 
margin); CI, long, tapered bristle (four are visible: two at 
notches 2 and 4, and two at distal, ventral apex); 02, stout, 
blunt-tipped bristles (eight or nine are visible); 03, short, 
tapered bristles (one is present at distal, ventral apex and 
one is on the inner surface of first notch). Bar represents 
38.3 micrometers. 

Figure 244. Ventral, inner tibia; bottom is ventral, right 
is distal. Al, A2, sensory pegs; B, hair-like sensilla type 
B (five are visible); C2, stout, blunt-tipped bristles; C3, 
short, tapered bristles. Bar represents 20.2 micrometers. 
Figure 245. Sensillum type Al, located near fourth notch on 
inner, dorsal tibia. Bar represents 1.11 micrometers. 

Figure 246. Proximo-ventral rnetatibia; top is ventral, left 
is proximal. D, a hair plate of two hairs; E, placoid sensil-
lum type E (note raised, central, dome-like structure suggest­
ing sensillum campaniformia). Bar represents 4,72 micrometers. 
Figure 247. Proximal, ventral tibia; left is proximal. D, 
a hair plate of two sensilla type D; E, placoid sensilla (the 
proximal placoid is mostly obscurred by detritus). Bar repre 
sents 0,57 micrometers. 
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Figure 248. Proximo-ventral, right tarsal^ segment I (corre­
sponds with outer tibia due to outward, 90 rotation of 
tarsus), br, brace (cuticular process that butts against 
tibia, thus reducing range of motion of tarsal segment I) on 
inner, proximal tsl; CI, C2, C3, bristles on tibia, tarsal 
segment I; D, dorsal tibia; It, inner tsl; Ot, outer tsl; 0, 
outer tibia; tsl, tarsal segment I; Vt, ventral tsl; arrow 
indicates brace on proximal, outer tsl. Bar represents 14.1 
micrometers. 
Figure 249. Proximal, inner, left tarsal segment 1= br, 
brace on inner, proximal tsl; CI, C2, C3, bristles on tibia; 
It, inner tsl; I, inner tibia; tb, tibia; tsl, tarsal segment 
1; Vt, ventral tsl; V, ventral tibia. Bar represents 8.26 
micrometers. 
361 
Figure 250. Disto-ventral, tarsal segment I; left is inner 
surface, top is proximal. CI, tapered bristle CI; C2, stout, 
blunt-tipped bristles; E, placoid sensillum type E. Bar 
represents 4.76 micrometers. 
Figure 251.  Distal tarsal segment I ,  tarsal segment I I  was 
removed to reveal sensillum A2; right is ventral, bottom is 
inner surface. A2. tapered; peg-like sensillum A2; 02, stout, 
blunt-tipped bristles. Bar represents 7.49 micrometers. 
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Figure 252. Distal, tarsal segment I, sensillum A2. Bar rep­
resents 2.48 micrometers. 
Figure 253. Disto-dorsal, tarsal segment II; left is inner 
surface. Note spiraled flutings of bristles C2 and some CI. 
01, 02, bristles 01, 02; arrow indicates sensillum A2. Bar 
represents 13.1 micrometers. 
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Figure 254. Ventral tarsal segments II, III, IV, V; top is 
outer surface. Al, A3, sensory pegs Al, A3; B, hair-like sen-
silla type B (two are present on distal ts4); CI, C2, C3, 
bristles CI, C2, C3; ts3, 4, 5, tarsal segments III, IV, V. 
Bar represents 13.9 micrometers. 
Figure 255. Distal tarsal segment III; top left is outer sur­
face; bottom is dorsal. A3, irregular, blade-like sensilla A3; 
C2, C3, bristles. Bar represents 7.60 micrometers. 
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Figure 256. Distal tarsal segment IV; left is inner surface, 
top is dorsal. Al, blunt-tipped sensory peg Al; A3, blade­
like sensory peg A3; B, hair-like sensilla type B (two are 
present on ventral surface); CI, tapered bristles (three are 
visible - one ventral to A3 is broken). Bar represents 7.19 
micrometers• 
Figure 257. Sensillum A3 on distal, inner, tarsal segment IV. 
A3, CI, sensilla. Bar represents 1,51 micrometers* 
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Figure 258. Disto-ventral, tarsal segment V; top is outer 
surface. Al, blade-like sensory peg on articular surfaces of 
pretarsal cleft (two are present ; there is no distinct, mem­
branous cuticle at base of sensilium shaft); A2, smaller, 
blade-like sensillum on outer, distal ts5; B, stout sensillum 
type B; bt, basal tooth of pretarsus (note scallops on grip­
ping surface); CI, plantar bristles (three pairs are visible); 
C2, slender bristles C2 (parts of six are visible); C3, long, 
sinuous bristle on distal ts5; cl, claw of pretarsus; D, hair 
plate of 39 sensilla type D. Bar represents 13.3 micrometers. 
Figure 259. Disto-ventral tarsal segment V; left is inner 
surface. Al, blade-like sensilla A1 on articular surfaces 
of pretarsal cleft (two are present); A2, smaller, blade-like 
peg on outer surface of ts5; B, stout sensillum type B (seen 
end-on); Cl, plantar bristles; C2, slender bristles type C2 
(three are visible); D, hair plate of 47 sensilla type D; u, 
unguitractor plate of pretarsus. Bar represents 9.52 micro­
meters . 
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Figure 260. Disto-ventral, outer, tarsal segment V; bottom 
right is outer surface. Al, blade-like sensory peg on artic­
ular surface of pretarsal cleft; A2, blade-like sensory peg 
on outer surface of ts5 (note difference in structure at base 
of pegs; A2 is set in membranous cuticle visible on floor of 
socket); C3, bristle C3; D, hair plate sensillum type D; u, 
unguitractor plate of pretarsus. Bar represents 2.92 micro­
meters . 
Figure 261. Base of pretarsus. C3, bristle C3; u, ungui­
tractor plate. Bar represents 5.08 micrometers. 
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The Abdomen, Segments I to VII 
The abdominal segments I to VII show only slight sexual 
dimorphism, therefore both sexes are treated together in this 
section. In Siphonaptera, the first abdominal stemite is 
absent and the first tergite is reduced to a small, dorsal 
plate located between the metepimera. Thus the abdomen, as a 
functional unit, articulates with the thorax at the base of 
the second abdominal segment. 
The tergites and stemites have extensive posterior and 
lateral flanges or collars. In most cases, the lobe-like, 
ventrolateral flanges of the tergites overlap the similar, 
dorsolateral flanges of the stemites (figures 262, 263). 
Exceptions are the second stemite in both sexes and the 
seventh stemite of the female. The second stemite is 
greatly enlarged and overlaps the second and part of the third 
tergites; the seventh stemite of the female overlaps the 
seventh tergite. 
Each tergite has a medial, dorsoventral cuticular ridge 
on which are inserted bristles and hairs (figures 262, 265). 
The ridge demarcates the posterior extent of the hemocoel 
supplying the tergite; the ridges are absent from the ster-
nites. 
Bristles occur on all the tergites and stemites (abbre­
viated T and S respectively in the following paragraphs) and 
are designated sensilla type CI. The bristles are all posi­
tioned in vertical rows with the exception of the anterior 
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half of TI. The type CI have the following average distribu­
tions (numbers are total for each tergite or stemite): 
anterior half of TI, 7 (3 to 10), randomly distributed; ridge 
of TI, 5.2 (4 to 6); TII, 14 (13 to 15); Till, 13.1 (12 to 
14); TIV, 11.8 (10 to 13); TV, 10.9 (10 to 12); TVI, 10.2 (9 
to 11); TVII. 10.1 (9 to 12); SII, 1.9 (1 to 2); SIII, 3.9 
(3 to 4); SIV, 4 (no variation); SV to VII of male, 4 (no 
variation); SV, female, 4.5 (4 to 6); SVI, female, 5.2 (4 to 
6); SVII, female, 8.2 (8 to 9). 
The bristles of both sexes show a general pattern of size 
variations: bristles of anterior TI and SII are shortest; 
bristles of TII to TVII become longer laterally; bristles of 
SIII to SVII are longest ventrally, becoming shorter laterally. 
The ventral-most bristles of TII to TVII show the following 
sexual dimorphism: in the male, the bristle is the longest of 
the row and is in line with the other bristles; in the female, 
the bristle is the smallest in the row, is slender and re­
curved, and is displaced anteriorly. The average dimensions 
of the type CI in micrometers aret length, 123.1 (21.3 to 
228-0): basal diameter, 6#9 (2.3 to 11.8); socket diameter, 
11.0 (8,6 to 13.0); and spacing between fluted ridges, 1.5 
(0.9 to 1.8). 
On posterior TVII occur two, large, modified bristles, 
designated sensilla type C2, which are termed the antepygidial 
bristles in the literature of Siphonaptera (figures 262, 263, 
264, 271). The cuticle around the base of the C2 is formed 
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into a sclerotized, subspherical structure, set into a cleft 
of the tergal flange, and is termed a bulb (figure 271). The 
average dimensions of the type C2 in micrometers are: length, 
237.7 (190 to 273); basal diameter, 11.4 (9.8 to 13.6); socket 
diameter, 16.8 (14.3 to 22.5); distance between fluted ridges, 
2.1 (1.7 to 2.8); and diameter of the bulb, 38.1 (28.8 to 
39.0). 
On either side of each C2 is a small, slender bristle, 
designated type C3 and which averages 3.8 (3 to 4) per speci­
men. The average dimensions of the type C3 in micrometers 
are: length, 28.5 (21.4 to 34.8); basal diameter, 3.9 (2.4 
to 5.3); socket diameter, 5.5 (4.8 to 7.3); and distance be­
tween fluted ridges, 1.0 (0.9 to 1.1). 
Between the type CI on tergites I to VII are inserted 
small hairs, designated sensilla type B. that have the follow­
ing average distribution: TI, 5.75 (5 to 6); TII, 10.7 (9 to 
13); Till, 9.4 (7 to 12); TIV, 8.2 (6 to 11); TV, 7.3 (5 to 
9); TVI, 6.6 (4 to 9); TVII, 7.4 (6 to 9). Occasionally 
sensilla CI on SII are reduced in size to resemble type B, but 
the large basal diameter, presence of strongly fluted ridges, 
and more frequent large size preclude their designation as 
type B. The average dimensions of type B in micrometers are: 
length, 22.6 (10.4 to 27.8); 2.1 (1.5 to 3.0); socket diameter, 
3.6 (3.0 to 5.2); and collar diameter, 6.0 (5.7 to 6.3). 
The second sternite has an average of 4 (3 to 5) small 
pegs, designated type Al (figure 269). The usual distribution 
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is one each on the ventro-proxiitial surface and one each on the 
proximo-lateral margins, just under the ventral margin of the 
metepimeron. The average dimensions of A1 in micrometers are: 
length, 8.5 (5.7 to 11.5); basal diameter, 1.9 (1.6 to 2.5); 
socket diameter, 3.0 (2.5 to 3.9); collar diameter, 9.0 (only 
one Al had a collar); tip diameter, 0.7 (0.5 to 1.3). 
The proximal margin of the second tergite has two pegs, 
designated A2, one on each side of the abdomen, usually in­
serted dorsad of the spiracle (figure 268). The peg is ori­
ented vertically, with the tip dorsal to the base. The aver­
age dimensions of the type A2 in micrometers are: length, 
5.8 (4.6 to 7.8); basal diameter, 1.9 (1.5 to 2.6); socket 
diameter, 3.6 (3.3 to 4.2); collar diameter, 5.9 (4.8 to 7.0); 
and tip diameter, 0.8 (0.6 to 1.1). 
The intersegmental conjunctivae from abdominal segments 
II to VIII are devoid of microtrichia or spicules (figure 267). 
With the light microscope, a number of placoids, desig­
nated sensilia type E, are observed on both the tergites and 
stemites, anterior to the bases of the bristles. Only the 
type E on the first tergite are readily observable with the 
SEM (figure 266). The average diameter of the type E is 3.7 
(3.2 to 4.2) micrometers. 
Tergites II through VII each have a pair of spiracles, 
located anterior of the ventral-most bristle (figure 270). 
The average diameter of the spiracles is 8.4 (5.4 to 11.6) 
micrometers. 
Figure 262. Side view of male abdomen. LI, lobe 1 of process 
1 (PI) of clasper; me, metepistemum; S2, 88, stemites II, 
VIII; si, sensilium; Tl, T7, tergites I, VII. Tergite VIII is 
a small, narrow plate between T7 and the sens ilium. Bar rep­
resents 116.3 micrometers. 
Figure 263. Side view of female abdomen, fs, spiracular fos­
sa of T8; me, metepistemum; S2, stemite II; si, sens ilium; 
T2, T8, tergites 11. VIII. Note that T8 extends ventrslly 
across the end of the abdomen. Bar represents 120.6 micro­
meters . 
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Figure 264. Dorsal view of male abdomen. LI, lobe of clasper; 
me, metepistemura; mt, metanotum; S2, S8, stemites II, VIII; 
si, sensilium; Tl, tergite I. Bar represents 100 micrometers. 
Figure 265. Tergite I. me, metepisternum; mt, metanotum; Tl, 
T2, tergites I, II» arrow indicates metepisternal spiracle. 
Bar represents 37.0 micrometers s 
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Figure 266. Tergite I. B, E, Cl, sensilla; me, metepistemum. 
Bar represents 5.28 micrometers. 
Figure 267. Conjunctival membrane on dorsal, tergite IV; 
bottom right is proximal. Bar represents 2.17 micrometers. 
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Figure 268. Tergite II, sensory peg A2. Top is proximal; 
right is dorsal. Bar represents 3.53 micrometers. 
Figure 269. Sternite II, sensory peg Al. Left is proximal; 
top is ventral. Bar represents 1.66 micrometers. 
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Figure 270. Spiracle, tergite III. Top is proximal; right 
is dorsal. Bar represents 2.05 micrometers. 
Figure 271. Antepygidial bristle or sensillum C2, female. 
Note the membranous cuticle marking the dorsal cleft of T8. 
b, bulb at base of C2; CI, 2, 3, sensilla type C; fs, spirac 
ular fossa of tergite VIII; T7, T8, tergites VII, VIII. Bar 
represents 10.5 micrometers. 
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The Female Abdomen, Segments VIII to X 
In this and the following section, I consider the abdomen 
of Siphonaptera to consist of ten segments, as per Snodgrass, 
1946. The eighth tergite is cleft dorsally, forming two 
distinct, lateral plates that extend ventrally and posteriorly 
to overlap most of the remaining segments (figures 263, 272). 
The dorsal part of each plate is narrowed and has a posterior, 
elongated cavity, termed the spiracular fossa, which is 
densely populated with recurved, heavily sclerotized micro-
trichia (figures 272, 282). Each fossa averages 184.5 (170.3 
to 200.1) micrometers in length and 58.9 (46.4 to 65.3) micro­
meters in depth. The microtrichia have the following average 
dimensions in micrometers: length, 14.5 (11.5 to 19.7); basal 
diameter, 2.6 (1.8 to 3.3); and tip diameter, 0.4 (0.2 to 0.6). 
Occasionally, small holes are observed near the postero-
ventral margins of the fossae that average 4.9 (4.3 to 5.5) 
micrometers in diameter (figure 284). The holes are possibly 
spurious openings to the eighth spiracular atrium, but this 
relationship has not been proved. 
The lower, lateral surface of each tergal plate has an 
average of 7.4 (6 to 9) bristles, designated sensilla type CI. 
The posterior margin of each plate has an average of 21.0 (18 
to 24) type CI, some of which insert on the inner, posterior 
margin (figure 273). All of the type CI of the abdominal seg­
ments VIII to X are averaged together, producing the following 
dimensions in micrometers* length, 125.5 (75,9 to 194.2), 
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basal diameter, 6.6 (4.7 to 9.0); socket diameter, 8.6 (5.7 to 
14.1); and distance between fluted ridges, 1.2 (0,8 to 1.8). 
The posterior margin of the eighth tergite below the fos­
sa is densely populated with pores that average 0.6 (0.4 to 
0.9) micrometers in diameter. 
The eighth stemite is a small, elongate sclerite, devoid 
of sensilla, which forms a ventral, sclerotized protective 
cover over the genitalia (figures 273 to 275). Part of the 
inner surface of the stemite forms the ventral or posterior 
wall of the vagina. Removal of the eighth stemite allows SEM 
observation of the bursa copulatrix and vaginal surfaces 
(figures 276 to 281). The membranous cuticle proximal to the 
ninth sternum is sparsely populated with microtrichia (figure 
277) which have the following average dimensions in micro­
meters: length, 8.2 (3.7 to 15,2): basal diameter, 0*7 (0.3 
to 1.1); and tip diameter, 0.4 (0.2 to 0.7). Ventrally, the 
membranous cuticle becomes bare and figured with numerous 
folds, of which one large transverse fold is apparently the 
external orifice of the glandula vaginalis (figure 278). 
Ventral to the glandula vaginalis, a transverse flap of cuti­
cle marks the entrance to the bursa copulatrix (figures 276, 
279). Ventral or proximal to this flap the cuticle is densely 
covered with long, apparently flexible, often stalked, micro­
trichia (figures 279 to 281). The average dimensions of the 
microtrichia in micrometers are: length, 9.4 (1,3 to 14,4); 
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basal diameter, 0.7 (0.4 to 1.8); and tip diameter, 0.2 (0.1 
to 0.4). The orifice to the duplicatura vaginalis was not 
observed. 
The ninth tergite was not observed; part of the ninth 
tergum may be incorporated into membranous cuticle anterior to 
the tenth tergite. The ninth sternite is a narrow, V-shaped 
plate that forms a dorsal support for the upper, vaginal 
cuticle (figure 273). Two pegs occur on the ninth sternite, 
designated sensilla A2. usually under the tenth sternite near 
the medial angle of SIX (figures 282, 283). Sometimes both 
A2 occur adjacent to each other on the same side of the insect. 
The average dimensions of A2 in micrometers are: length, 3.0 
(2.1 to 4.9); basal diameter, 1.3 (0.9 to 1.6); socket diam­
eter, 2.5 (1.7 to 3.1); collar diameter, 3.3 (2.9 to 3.5); and 
tip diameter, 0.4 (0.2 to 0.6). No other sensilla occur on 
SIX. 
The tenth tergite has a dorsal, depressed, rounded or 
ellipsoidal region of dense microtrichia in which are inserted 
an average of 28.2 (28 to 29) highly specialized bristles, 
designated sensilla type C2 and designated trichobothria by 
Lundblad, 1927. The entire structure is termed a sensilium 
and the bristles usually number 14 per side, set in longitu­
dinal rows of three or four bristles each (figure 284). The 
average dimensions of the sensilium in micrometers are: length 
(transverse axis), 222.6 (200.1 to 248,1); and width (longi­
tudinal axis), 133.8 (115.4 to 151.2). The cuticle around 
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the base of each bristle is highly modified into a small, 
dome-like structure, here termed a cupola, on the outer sur­
face of which are radially arranged "fins" of cuticle that 
average 4.1 (3.2 to 6.0) micrometers in length and 0.5 (0.3 
to 0.7) micrometer in width. The fins have an appearance 
similar to that of heat-dissipating fins on small, air cooled 
motors (figures 285 to 287). The base of the bristle passes 
through an opening in the cupola, termed the first aperture, 
that averages 7.7 (6.1 to 9,9) micrometers in diameter. With­
in the first aperture is a cavity termed the vestibule by 
Lundblad, 1927, in which are a number of vertical, radially 
arranged walls, termed septa (figure 287). The center of the 
floor of the vestibule has another opening termed the second 
aperture, through which the bristle passes. The second aper­
ture opens into another cavity, the socket-chamber (figured by 
Lundblad, but unnamed), on the floor of which the bristle in­
serts into the cuticle. The socket chamber also has vertical, 
radially arranged walls or septa (figure 287). 
A few ethano1-cryof ractured sections of cupolas were 
observed with the SEM, from which the socket-chamber was found 
to average 9.4 (8.2 to 10.7) micrometers in diameter and 6.8 
(6.2 to 8.0) micrometers in height. The vestibule averaged 
11.9 (11.3 to 12.6) micrometers in diameter and 3.9 (2.8 to 
4.9) micrometers in height. The septa of both cavities aver­
aged 0.4 (0.3 to 0.5) micrometer in width. The floor of the 
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vestibule averaged 0.8 (0.7 to 1.2) micrometer thick near the 
wall of the cupola and tapered to 0.5 micrometer at the second 
aperture. 
The type C2 averaged 155.7 (112.6 to 216,2) micrometers 
in length and 2.3 (1.6 to 3.1) micrometers in basal diameter. 
The shafts of the sensilia lacked structural features, how­
ever, the shaft seemed to narrow in diameter just above the 
cupola (figure 286). The microtrichia have the same average 
dimensions as those of the spiracular fossa of segment Vllle 
Posterior to the sensilium is a pair of anal stylets that 
have the following average dimensions in micrometers: length, 
78.5 (62.2 to 86.3); longitudinal basal diameter, 37.1 (36.2 
to 38.7); lateral basal diameter, 27.5 (20.6 to 30.9); and a 
distal diameter of 19.3 (13.7 to 23.5) micrometers. The sty­
lets are set in membranous cuticle in a large, socket-like 
structure that averages 40.2 (33.6 to 44.1) micrometers in 
diameter (figures 288, 289» 292). An average of 4.8 (4 to 6) 
type CI are inserted on the apical surfaces of each stylet and 
an average of 39.8 (34 to 52) type 01 are located on the pos­
terior surfaces of the tenth tsrgite. 
Six irregular, blade-like pegs, designated sensilla type 
Al, occur on the tenth tergite: two on the apex of each anal 
stylet and one each near the postero-lateral surfaces of the 
sensilium (figures 288 to 292). The average dimensions of Al 
in micrometers are: length, 9.3 (6.6 to 12.7); basal diameter. 
393 
2.2 (1.6 to 3.1); socket diameter, 3.9 (2.9 to 4.6) and tip 
diameter, 0.4 (0.3 to 0.8). 
The tenth stemite, or the ventral anal lobe, has an 
average of 22.8 (18 to 32) CI. No other sensilla occur on 
this sclerite. 
The anus (figures 292, 293) is bounded by membranous 
cuticle, the distal margins of which are formed into micro-
trichia-like projections or fingers that have the following 
average dimensions in micrometers % length, 6.6 (2.7 to 8.8); 
basal diameter, 3.0 (0.8 to 6.2); and tip diameter, 0.4 (0.3 
to 0.9). 
Figure 272. Female abdomen, segments 8 to 10. The left side 
of tergite VIII was removed to expose S9. fs, spiracular fos­
sa of tergite VIII; S9, stemite IX; si, sensilium; T8, TlO, 
tergites VIII, X. Bar represents 42.5 micrometers. 
Figure 273. Female abdomen, part of tergite VIII removed to 
expose access to genitalia, an, anus; SB, 9, sternites VIII, 
IX; si, sensilium; St, anal stylet; T8, TlO, tergites VIII, 
X. Bar represents 32.8 micrometers s 
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Figure 274. Stemite VIII; part of tergite VIII removed to 
show structural relationships» Top left is dorsal# S8» 
stemite VIII; T8, tergite VIII (partially overlapped by 
sternite VII). Bar represents 19.4 micrometers. 
Figure 275. Detail of ridge of sternite VIII above. Bar rep 
resents 4.73 micrometers. 

Figure 276. Upper vagina of dissected specimen. The opening 
to the glandula vaginalis is assumed to be the large crease 
in the cuticle to the right of the abbreviation, gv. The 
bursa copulatrix is covered by a tight fitting flap of cuticle 
on which the label be is placed, be, bursa copulatrix; gv, 
glandula vaginalis; S9, stemite IX. Bar represents 16.7 
micrometers. 
Figure 277. Microtrichia below S9. Note that microtrichia 
occur in groups, arranged linearly and separated by regions 
of bare cuticle. Bar represents 5.21 micrometers. 

Figure 278. Region of glandule vaginalis (gv). Right is 
dorsal (or distal). Bar represents 5.04 micrometers. 
Figure 279. Region of bursa copulatrix (be). Right is 
dorsal (or distal). Bar represents 4.66 micrometers. 
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Figure 280. Flexible microtrichia proximal or distal to the 
bursa copulatrix; top is distal. Note that some are stalked 
(arrow). Bar represents 2.69 micrometers. 
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Figure 281. KOH cleared specimen, microtrichia proximal to 
bursa copulatrix. Top left is distal. Bar represents 4.69 
micrometers. 

Figure 282. Stemites IX and X. Top right is dorsal. Note 
membranous cuticle around anus and the distal, microtrichia-
like processes (arrow). A2, sensillum A2; an, anus; S9, 10, 
stemites IX, X; St, anal stylet (base is inserted on tergite 
X). Bar represents 9.95 micrometers. 
Figure 283. Sensillum A2 on stemite IX. Top is dorsal, left 
is medial. Bar represents 1.97 micrometers. 
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Figure 284. Tergites VIII and X of female• The ends of the 
C2 are knob-like as a result of beam damage resulting from the 
TV mode of the SEM. Note that the fossa of T8 and the sen* 
silium are sharply dilineated by a shelf of cuticle, and that 
the microtrichia arise from a depressed floor of cuticle. Al, 
sensillum Al; CI, C2, sensilla CI, C2; fs, spiracular fossa 
of tergite VIII (dark cavity at ventral end of fossa probably 
marks the entrance to the spiracular atrium); si, sensillum; 
St, anal stylet; T8, TIO, tergites VIII and X; arrows indicate 
holes that may be spurious openings to the eighth spiracular 
atrium. Bar represents 26.0 micrometers. 
Figure 285. Cupolas at bases of sensilla C2 (or trichobothria). 
Arrow indicates fins on upper surface of cupola. Large, outer 
orifice is aperture 1; smaller» inner orifice is aperture 2. 
Note that the bases of C2 appear to be reduced in diameter 
just above the cupolas. Bar represents 6.56 micrometers. 
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Figure 286. Cupola of sensillum and sectioned C2. Arrow 
indicates fin on surface of cupola. Bar represents 2.47 
micrometers• 
Figure 287. Ethanol cryofracture through cupola, sk, socket 
chamber; vs, vestibule; arrow indicates fin on surface of 
cupola. Bar represents 2.44 micrometers. 
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Figure 288. Stemite IX, tergite X, dorsal view. Al, Cl, C2, 
sensilla; S9, stemite IX; St, anal stylet; TlO, tergite X. 
Bar represents 14.2 micrometers. 
Figure 289. Stemite IX, tergite X, dorsal view. Al, A2, 
sensory pegs on TlO and S9. Bar represents 13.0 micrometers. 
411 
Figure 290. Sensory peg Al on postero-dorsal surface of 
tergite X. Alp CI, C2, sensilia. Bar represents 3.81 micro­
meters . 
Figure 291. Sensory peg Al on anal stylet (St). Bar repre­
sents 4.72 micrometers. 
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Figure 292. Posterior view of anus, tergite X and stemites 
IX, X. an, anus ; S9, SIO, stemites IX, X; St, anal stylet; 
TlO, tergite X. Bar represents 13.7 micrometers. 
Figure 293. Anus. Note finger-like microtrichia at distal 
margin of membranous cuticle. Small fibers were frequently 
seen on anal surfaces of both males and females but are of 
unkJiown origin, an, anus ; SIO, stemite X, Bar represents 
3.76 micrometers. 
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The Male Abdomen, Segments VIII to X 
The eighth tergite of the male is a single, narrow plate 
that extends ventrally only a short distance (figures 294, 
298). Most of the tergite is formed into a pair of spiracular 
fossae, each of which averages 207.8 (198.4 to 220.8) micro­
meters in length and 38.1 (37.2 to 39.1) micrometers wide. 
The fossa is densely populated with microtrichia that have the 
following average dimensions in micrometers: length, 13.9 
(8:3 to 19:9); basal diameter, 2,3 (1,6 to 3,2); and tip diam­
eter, 0.4 (0.3 to 0.8). 
The eighth stemite is considerably enlarged in the male 
(the reverse of the condition in the female) and is organized 
into two structural components: a pair of large, ovate, 
lateral plates; and a ventral pair of parallel, elongate, 
tapered, recurved processes (figures 295 to 297). The lateral 
plates have an average of 5.2 (3 to 8) bristles per side, des­
ignated sensilia type CI, which have the following average 
dimensions in micrometers: length, 135.8 (66.5 to 183.5); 
basal diameter, 4.3 (4.0 to 5.2); and socket diameter, 6.7 
/ / O O i-k\ 
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Each ventral process has the following average dimensions 
in micrometers: length, 314.6 (257.6 to 370.1); basal diam­
eter, 42.1 (33.9 to 48.9); and tip diameter, 9.6 (7.4 to 11.9). 
The ventral, distal part of each process has an average of 8.1 
(6 to 12) type CI that have the following average dimensions 
in micrometers: length, 45.2 (26.4 to 59.7); basal diameter. 
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2.6 (1.7 to 3.9); socket diameter, 3.6 (1.7 to 6.0); and dis­
tance between fluted ridges, 0.13 (0.1 to 0.7). The cuticle 
of the processes is formed into very closely spaced striae 
with an average of 56 (40 to 66) striae per 100 micrometers. 
Using the light microscope, the eighth stemite has a large 
number of placoids on the processes and near the bases of the 
processes, however, none has been observed with the SEM. 
The ninth tergite has not been observed with the SEM. 
The ninth stemite is a complex structure consisting of paired, 
narrow, vertical, lateral arms (the proximal arms) which ex­
tend dorsally to the base of the claspers, and a pair of ven­
tral structures (the distal arms) that extend posteriorly and 
embrace the aedeagus (figures 299 to 301, 308). 
The proximal arms are devoid of sensilla, as far as can 
be determined. The base of each distal arm forms a short neck 
which expands ventrally into a leaf-like, subaedeagal plate. 
The dorsal edge of the neck forms a nearly straight line with 
the dorsal edge of the plate. Each plate has a proximo-ventral 
lobe on the medial surface of which occurs an average of 15.1 
(10 to 18) CI: 
Each plate has the following distal configurations a 
rounded, ventral lobe, devoid of sensilla; a narrowed, dorsal 
lobe, bearing an average of 4.5 (3 to 6) CI on the outer sur­
face; and a medial, transversely oriented lobe on which are an 
average of 12.8 (10 to 14) CI (figures 300, 301), Just proxi~ 
mal to the medial lobe is a larger bristle that projects 
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medially and slightly ventrally (figure 300). The outer sur­
face of the plate has an average of 13 (12 to 15) randomly 
scattered CI and the inner surface has an average of 12.9 (9 
to 19) CI. The average dimensions of the CI in micrometers 
are: length, 67.4 (25.3 to 140.2); basal diameter, 3.8 (1.7 
to 6.4); socket diameter, 5.1 (2.9 to 7.5); and distance be­
tween fluted ridges, 0.9 (0.7 to 1.2). The CI are longest on 
the ventral, proximal lobes and shortest on the inner and 
outer surfaces. 
The distal arms have the following average dimensions in 
micrometers * total length, 264.5 (192 to 313.6); length of 
plate, 152.5 (72.8 to 189.3); basal width of plate, 81.4 (57.3 
to 107.9); distal width of plate, 71.6 (50.3 to 92.9); width 
of neck, 22.6 (14.3 to 28.9). 
The claspers originate near the dorsal ends of the proxi­
mal arms of the ninth stemite (figures 298, 299). Each 
clasper consists of four structures* a large, dorsal, outer 
lobe (designated LI of PI by Rothschild and Traub, 1971; see 
figure 17, p. 23 of that work); a smaller, ventral, outer lobe 
(L2 of PI); a dorsal, inner, rod-like process or finger (P2); 
and a ventral, inner finger (P3) (figures 302 to 307). The 
abbreviations L and P refer to lobe and process respectively. 
The lobes LI and L2 have a common base that averages 159.0 
(95.8 to 210) micrometers in width. The lobe LI has the fol­
lowing dimensions in micrometers; length, 352.1 (324.8 to 
379); basal width, 86.1 (48.2 to 116); maximum width, 158.2 
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(123.2 to 189.7)} and thickness, 23.0 (20.5 to 24.8). An aver­
age of 52.1 (44 to 62) CI are inserted on the dorsal and pos­
terior edges of LI. The CI are shortest and most thickly set 
on the medial, dorsal edge, and thin out to a few, long bris­
tles on the posterior edge (figure 302). The average dimen­
sions of the CI in micrometers are: length, 96.6 (69 to 155.2); 
basal diameter, 6.6 (5.7 to 8.9); socket diameter, 9.2 (7.7 to 
11.7); and distance between fluted ridges, 1.5 (1.3 to 1.8). 
The posterior apex of each LI has a single, stout, tooth­
like structure, designated sensilium type D (termed spiniform 
bristle In Rothschild and Traub, 1971). The type D has the 
following average dimensions in micrometers: length, 28.2 
(21.3 to 40); basal diameter, 9.7 (7.9 to 10,9); socket diam­
eter, 8.9 (7.2 to 9.9); and tip diameter, 2.4 (1.8 to 3.4). 
The apparent discrepancy between the basal diameter and socket 
diameter is explained by the expansion of the base of the sen-
sillum just distal to the socket (figure 303). 
The outer, dorsal margin of each LI has numerous pores 
that average 0«7 (0.4 to 0.9) micrometer in diameter. 
The lobe L2 has the following average dimensions in micro­
meters : length, 236.5 (196 to 296); basal width, 72.9 (47.6 
to 94); maximum width, 116.8 (96.6 to 140); and thickness, 
19.8 (18.9 to 20.7). An average of 11.4 (9 to 16) CI are 
nearly evenly spaced in a single row along the ventral, pos­
terior margin of L2. The bases of the bristles are set in a 
continuous, membranous cuticle located between the outer and 
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inner sclerotized plates of cuticle forming the major surfaces 
of the lobe (figure 302). The average dimensions of the CI in 
micrometers are: length, 103.7 (53.7 to 145.4); basal diam­
eter, 6.4 (4.1 to 8.9); socket diameter, 8.9 (7.4 to 10.6); 
and distance between fluted ridges, 0.9 (0.7 to 1.1). No 
other sensilla or pores were observed on L2. 
The fingers of the claspers, or processes P2 and P3, 
arise from the inner, proximal surface of the clasper, between 
the bases of LI and L2 (figure 302). The dorsal process, P2, 
has the following average dimensions in micrometersi length, 
165.5 (116.7 to 213.3); basal diameter, 37.1 (27.3 to 50.4); 
and tip diameter, 19.9 (13.2 to 27.6). The ventral process, 
P3, has the following average dimensions in micrometers: 
length, 213.5 (178.5 to 273); basal diameter, 58.5 (40.2 to 
75.6); tip diameter. 21,7 (11-9 to 28=5)= The ventral process, 
P3, has an enlarged, heavily sclerotized base with an average 
width of 86.4 (64.6 to 141) micrometers. The distal, finger­
like part of P3 is curved and has an apical, sclerotized proc­
ess that fits into a groove on the apex of P2 (figure 306). 
The concave, dorsal surface of P3 has a hook-like process that 
averages 42.3 (32.7 to 51.7) micrometers in length and 17.3 
(12.6 to 20.7) micrometers wide (figure 304). The structure 
of the hook and curved, distal part of P3 give the process the 
appearance of a can opener. At the base of the hook, on the 
outer surface of P3 (adjacent to LI of PI) is a sclerotized, 
acetabular process, representing the insertion of one of a 
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pair of muscles that move P3. Two CI occur on distal P2 and 
an average of 6.8 (6 to 9) CI occur on P3, most of which are 
distal; however, one large bristle always occurs on the proxi­
mal, medial surface of P3 (figure 305). The average dimensions 
of the CI in micrometers are: length, 45.5 (20.4 to 94.8); 
basal diameter, 3.1 (2.1 to 4,8); and socket diameter, 6.0 
(4.2 to 10.3). An average of 3.5 (3 to 4) peg-like structures, 
designated sensilla type A, occur on P3 (figure 307) and have 
the following average dimensions in micrometersi length, 9.1 
(6.8 to 12.8); basal diameter, 2.5 (2.0 to 3.0); socket diam­
eter, 4.3 (2.7 to 5.3); and tip diameter, 0.5 (0.4 to 0.8). 
The distal surfaces of P2 and P3 differ from most other struc­
tures observed on C. simplex in that the cuticle is very 
smooth and nearly devoid of striae. 
The aedeagus arises from the membranous cuticle inside the 
base of the ninth sternum and between the bases of the clasp-
ers (figures 299, 308, 312). The dorsal and lateral cuticle 
of the aedeagus is sclerotized and posteriorly forms a verti­
cally enlarged, enveloping structure termed the hood. The 
ventro-medial cuticle of the aedeagus is membranous (figure 
312). The aedeagus has the following average dimensions in 
micrometers: length, 246.3 (152.8 to 308.0); basal diameter, 
105.2 (57.1 to 138.9); hood width, 136.6 (82.8 to 189.3); hood 
height, 181.6 (150.8 to 219.3); and thickness of hood wall, 
3.7 (3.1 to 4.3). The proximo-ventral, lateral surfaces of 
the aedeagus have foliate, ventrally projecting, sclerotized 
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lobes that average 53.0 (25 to 80.3) micrometers in length and 
19.8 (10.4 to 25.1) micrometers in width. The lobes fit over 
the dorsal and outer surfaces of the neck of each distal arm 
of the ninth stemite (figures 299, 312). 
Within the hood, the cuticle is formed into a dorsal pair 
of laterally flattened, posteriorly projecting, arched lobes 
termed Ford's Sclerites (or securifer) (Rothschild and Traub, 
1971) (figures 308, 309), which have the following average 
dimensions in micrometersî length, 96.8 (90.4 to 108.1); 
basal, vertical width, 32.2 (27.6 to 40.2); dorsal, vertical 
width, 23.4 (17.6 to 30.1); distal, vertical width, 33.1 (25 
to 40.2); and an approximated thickness of 2.6. 
The ventral membranous cuticle of the aedeagus gives rise 
to a pair of heavily sclerotized, arm-like processes termed 
the crochets (Rothschild and Traub, 1971)» The cuticle of the 
distal crochets is completely formed into a number of thin, 
curved, projecting plates termed scallops (figures 308 to 310, 
313 to 315). The average dimensions of the crochets in micro­
meters are: length, 93.9 (75.4 to 114.9) (measured from the 
inside base of Ford's Sclerites); basal diameter, 54.4 (45.2 
to 75.4); and distal diameter, 17.2 (11.8 to 24.0). Each 
crochet has an average of 6.8 (6 to 8) scallops that have the 
following average dimensions in micrometers; length (proximo-
distal), 13.3 (3.0 to 21.9); width, 9.9 (3.0 to 16.8); and 
thickness, 1,5 (1.1 to 2.2). The bases of the crochets become 
membranous cuticle dorso-proximally and form a low mound of 
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membranous cuticle just distal to the base of the Ford's 
Sclerites. Between the crochets distally is a sclerotized 
bridge of cuticle (figures 308» 310), Dorsal to the sclero­
tized bridge is an orifice from which protrudes the sclerotized 
inner tube (S.I.T.) (Rothschild and Traub, 1971). The S.I.T. 
has a dorsal, proximally projecting horn that protrudes over 
the mound of cuticle ventral to Ford's Sclerites (figure 308). 
The average dimensions of the S.I.T. in micrometers are: 
lengths 90:8 (80,6 to 97.9) (measured from the distal base of 
Ford's Sclerite); lateral, distal diameter, 15.1 (10.1 to 
19.0); distal height, 10.9 (7.7 to 14.2); and length from tip 
of horn, 61.7 (60.3 to 62.8). No sensilia were observed on 
the aedaegus. 
The tenth tergite of the male is reduced longitudinally 
and has a pair of posterior, pointed flanges that project be­
tween the claspers (figure 294). Most of the dorsal surface 
is formed into a sensilium, which differs from that of the 
female in having greater transverse length and less longitu­
dinal width. The male sensilium is constricted along the 
dorsal midline, giving it an hourglass or figure eight appear­
ance (figures 294, 298). The average dimensions of the sensil­
ium in micrometers are: length, 233.0 (185.4 to 263.2); 
medial width, 69.1 (62.8 to 80.4); and lateral width, 85.5 
(80.4 to 98.1). 
An average of 14.1 (14 to 15) type C2 bristles occur on 
each half of the male sensilium and have the following average 
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dimensions in micrometersi length, 128.1 (55 to 175); basal 
diameter, 2.2 (1.6 to 2.8); diameter of cupola, 14.2 (13.4 to 
16.2); diameter of first aperture, 7.5 (7.0 to 8.2); diameter 
of second aperture, 4.1 (3.5 to 5.1); length of fins, 3.1 (2.7 
to 3.5), and thickness of fins, 0.5 (0.4 to 0.6). The micro-
trichia covering the sensilium have the same dimensions as 
those of the eighth spiracular fossa. 
The underside of the posterior flanges of tergite X has 
an average of 6.2 (6 to 8) type CI that have the following 
average dimensions in micrometers: length, 81.7 (47.4 to 
90.7); basal diameter, 5.6 (4.3 to 6.8); socket diameter, 7.9 
(6.4 to 10.6); and distance between fluted ridges, 1.4 (1.1 to 
1.6). The CI always occur as three or four bristles under 
each flange (figure 316). 
Arising from the ventro-distal base of tergite X is a 
semiconical, cuticular plate, termed the proctiger (figure 
316), which has the following average dimensions in microme­
ters: length, 93.7 (67.9 to 145.8); basal diameter, 100.6; 
and lateral, distal diameter, 61.5 (42.7 to 80.4). An aver­
age of 4:5 (3 to 6) type CI arise from the distal proctiger 
and have the following average dimensions in micrometers: 
length, 61.1 (45.4 to 88.2); basal diameter, 5.1 (3.2 to 7.8); 
socket diameter, 6.7 (4.8 to 9.6); and distance between fluted 
ridges, 0.8 (0.6 to 1.1). 
From the ventral surface of the proctiger arises a mem­
branous, tube-like structure that probably represents the 
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posterior-most extent of the rectum; the distal opening of 
which is the anus (figures 316, 318, 319), The structure is 
longitudinally cleft (figure 316), thus forming a dorsal and 
ventral anal flap. The anal flaps protrude approximately 56 
micrometers beyond the proctiger and have an average distal 
width of 33.8 (17.2 to 49.5) micrometers. The distal-most 
cuticle of the anal flaps is formed into microtrichia-like 
processes (figures 318, 319) that have the following average 
dimensions in micrometers : length, 7.5 (2.9 to 14.9); basal 
diameter, 1.8 (0.5 to 3.2); and tip diameter, 0.5 (0.2 to 
0.9). 
The ventral, membranous cuticle of the ventral anal flap 
extends proximally to a level near the base of the proctiger 
where it laterally gives rise to a pair of elongate, spiculose 
lobes, the anal lobes, which have the following average dimsn= 
sions in micrometers: length, 160.1 (95.9 to 201.6); basal 
diameter, 80.9 (64.7 to 105.6); and tip diameter, 16.3 (8.3 
to 26.4) (figures 316, 317). The dorsal surface of each lobe 
(adjacent to the proctiger and the anal tube) has an average 
of 3o9 (3 to 5) type CI inserted approximately midway between 
the base and the tip of the lobe. The tip of each lobe has 
three CI. The average dimensions of the CI in micrometers 
are: length, 80.2 (40 to lOO); basal diameter, 5.0 (3.6 to 
6.4); socket diameter, 6.0 (4.9 to 8.3); and distance between 
fluted ridges, 0,8 (0,4 to 1.5). The spicules covering most 
of the lobes have the following average dimensions in 
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micrometers: length, 18.2 (1.1 to 30.3); basal diameter, 3.4 
(1.4 to 6.4); and tip diameter, 0.5 (0,3 to 0.9). The spicules 
extend ventrally over a rounded, bulbous mound of cuticle just 
dorsal to the aedea^ us (figure 316). 
Figure 294. Male abdomen, segments VIII, IX, X. an, anus; 
Cr, crochet of aedeagus (paired); F, Ford's Sclerite of 
aedeagus (paired); fs, spiracular fossa of tergite VIII; hd, 
hood of aedeagus: Ll, lobe 1 of process 1 of Clasper; pg, 
proctiger (only bristles are obvious); Pr, process of sternite 
VIII (paired); S8, 9, stemites VIII, IX; Si, sclerotized in­
ner tube of aedeagus; si, sensilium; T8, 10, tergites VIII, 
X. Bar represents 53.5 micrometers. 
Figure 295. Stemite VIII, top right is proximal. Pr, 
process of stemite VIII (paired). Bar represents 36.8 
micrometers. 
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Figure 296. Processes of stemits VIII, top is dorsal. Note 
the closely spaced striae and ventral insertion of sensilla 
CI. Bar represents 10.9 micrometers. 
Figure 297. Ventral view of sternite VIII processes; right 
is proximal, top is dorsal. Note striae converging on medial 
surface of lower process. Bar represents 12.1 micrometers. 

Figure 298. Male abdomen, segments VII to X; stemite VIII 
removed to disclose claspers and genital structures. LI, L2, 
lobes of process 1 of clasper; S7,9, stemites VII, IX; si, 
sensilium; T7, tergite VII. Bar represents 48.9 micrometers. 
Figure 299. Terminal segments of male abdomen, stemite VIII 
removed; left is dorsal. Ad, aedeagus; LI, 2, lobes of proc­
ess 1 of clasper; S9, stemite IX: 18, 10, tergite VIII, X; 
V* ventral lobe of aedeagus (functions to clasp distal arm of 
stemite IX to ventral surface of aedeagus). Bar represents 
35.6 micrometers. 

Figure 300. Ventral view of distal arms of sternite IX; 
bottom left is proximal, rod» medial lobe; Pr, process of 
sternite VIII; pv, proximo-ventral lobe. Bar represents 
28.6 micrometers. 
Figure 301. Posterior view of medial lobe of sternite IX. 
Bar represents 7.63 micrometers. 
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Figure 302. Medial view of clasper; top right is proximal, 
top is dorsal. D, sensillum type D; LI, L2, lobes 1 and 2 of 
process 1; P2, P3, processes 2 and 3 of clasper; arrow indi­
cates cuticular flange of L2 that partially overlaps base of 
P3. Bar represents 32.9 micrometers. 
Figure 303. Distal lobe 2 of clasper; top left is ventral, 
right is proximal. CI, D, sensilla. Bar represents 4,69 
micrometers. 
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Figure 304. Processes or fingers of clasperj bottom is 
lateral (outer), left is proximal. Note that the dorsal 
lobe (hk) of P3 is hook-like and appressed into the surface 
of P2. Acetabular structure (arrow) at base of P3 corre­
sponds with insertion of one of the muscles controlling P3. 
The structure of P3 very much resembles a can opener. A, 
sensillum type A; hk, hook or dorsal lobe of P3; P2, 3, 
processes of clasper. Bar represents 8.06 micrometers. 
Figure 305, Ventral vise of processes (P2, P3) of clasper. 
Left is proximal. A, sensillum type A; L2, lobe 2 of process 
1 of clasper; Bar represents 13.8 micrometers. 
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Figure 306. Distal process 3 (P3) of clasper; left is proxi­
mal. The opposing surfaces of P3 and P2 are dovetailed: P3 
has a single I wedge-like structure that fits into a slot in 
P2. Note that one of the two sensilia CI of P2 has a double 
tip (arrow). P2, 3, processes of clasper. Bar represents 
2.22 micrometers. 
Figure 307. Ventral view of P3 showing peg-like sensilla type 
A. A, CI; sensilia; hk, hook of P3; P3, process 3 of clasper. 
Bar represents 2.72 micrometers. 
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Figure 308. Posterior view of aedeagus; top is dorsal. Cr, 
crochet (paired); F, Ford's Sclerite (paired); hd, hood; LI, 
lobe 1 of process 1 of clasper; S9, distal arm of stemite 
IX (paired; both medial lobes are visible); Si, sclerotized 
inner tube (note dorsal horn of Si - arrow). Bar represents 
20.0 micrometers. 
Figure 309. Side view of distal aedeagus; top is dorsal. Cr, 
crochet (paired); F, Ford's Sclerite (paired); hd, hood; isd, 
medial lobe of S9; 59, distal arm of stemite IX; Si, sclero­
tized inner tube. Bar represents 8.3 micrometers. 

Figure 310. Distal aedeagusj top is dorsal. Note scallop­
like lobes of distal crochets. Cr, crochet (paired); F, 
Ford's Sclerite (paired); hd, hood; Si, sclerotized inner 
tube. Bar represents 11.0 micrometers. 
Figure 311. Distal sclerotized inner tube, showing structure 
of membranous cuticle. Penis rods and spermatazoa pass 
through cleft (arrow). Bar represents 1.33 micrometers. 

Figure 312. Ventre-lateral view of dissected aedeagus; bot­
tom left is proximal* Note that the medial, ventral surface 
of the aedeagus is membranous. Cr, crochet (paired)j hd, 
hood; V, ventral lobe of aedeagus (paired). Bar represents 
25.6 micrometers. 
Figure 313. Ventral view of crochets, hd, hood. Bar repre­
sents 12.2 niicrcir.etsrs. 
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Figure 314. Distal crochet, showing detail of scallops; 
upper right is dorsal. Bar represents 3.1 micrometers. 
Figure 315. Dorsal view of distal crochet, showing detail 
of scallops. Bar represents 2.32 micrometers. 
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Figure 316. Ventral surface of tergite X, showing proctiger, 
anal lobes, and anus ; top is dorsal. Note that the membranous 
cuticle forming the dorsal and ventral flaps of the anus is 
longitudinally cleft (arrow). Al, anal lobe; an, anus; pg, 
proctiger; TIO, tergite X. Bar represents 18.2 micrometers. 
Figure 317. Anal lobe? left is proximal^  top is dorsal. Note 
that spicules appear to be distal processes of striae. Some 
striae have small, distal, pointed structures that appear to 
be the beginning of spicule formation (arrow). Bar represents 
7.41 micrometers. 
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Figure 318. Posterior view 
microtrichia-like processes 
anal flaps, pg, proctiger. 
of anus; top is dorsal. Note 
lining the distal margins of the 
Bar represents 5.21 micrometers. 
Figure 319. Lateral view of anus ; top right is dorsal. Note 
the longitudinal cleft that separates the anal flaps; note 
also the finely-wrinkled, textured surface of the ventral anal 
flap. Srsall fibers at opening to anus are of unknown origin, 
pg, proctiger. Bar represents 3.16 micrometers. 
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DISCUSSION 
The discussion of the topography of the exoskeleton of 
C. simplex is organized into three parts: 1) the basic 
surface organization of the cuticle and sensilla; 2) modifi­
cations of the exoskeleton related to function; and 3) the 
major sensory regions of the exoskeleton. 
Part I 
The exoskeleton of C. simplex exists in two basic forms; 
sclerotized plates or sclerites, and membranous, flexible 
cuticle, the conjunctivae. In most regions, the sclerotized 
plates have surfaces sculptured in a basic pattern of over­
lapped, variously shaped polygons, the overlapping edges of 
which are termed striae (figures 8, 15). Arthur and Snow, 
1972, published SEM micrographs of the scutum of an ixodid 
larva which had a very similar pattern and was described by 
the authors as being "an imbricated, scale-like pattern." 
Since all fleas and some larval ticks have patterns of cutic-
ular striations, the pattern may serve a function regarding 
existence within the dermecoSî 
The striae on the sclerites of C. simplex show the fol­
lowing basic organization: the overlapped edge or striation 
is at the posterior or distal side(s) of the polygon (figure 
14); the striae and associated polygons of each segment are 
arranged in wave-like patterns in which the proximal or ante­
rior end of the region appears to be the origin of the pattern 
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(figures 8, 35, 182, 265). The striae may interact with prom­
inent cuticular structures such as the eye, the pattern being 
modified to accommodate the structure (figure 19); or the pat­
tern may not interact with cuticular structures (figure 134). 
A very few regions are free of the pattern of striation: 
for example, the antero-medial frons, the outer surfaces of 
the maxillary laciniae, and parts of the male genitalia (fig­
ures 16, 90, 309). 
The polygons bounded by striae may reflect the sub­
cuticular boundaries of the epidermal cells, a relationship 
that has not yet been determined. 
The membranous cuticle or conjunctiva is usually folded 
or wrinkled and is often covered with variously-shaped, elon­
gated cuticular processes termed microtrichia. In some re­
gions, the conjunctiva is formed into polygons with the micro­
trichia inserted along one edge (figures 113, 140, 278), 
suggesting the polygonal organization of cuticle described by 
Hinton, 1970. Similar rows of microtrichia are found in 
Isoptera (Lebrun, 1971). 
Conjunctivae of the thorax are covered with spiculesi 
small, sclerotized structures separated by membranous cuticle. 
The central or distal edges of the spicules are often formed 
into projecting processes (figure 139). The conjunctivae of 
the abdomen between segments II and VIII are free of cuticular 
specializations (figure 267). 
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The microtrichia of Ç. simplex show great variation in 
structure and distribution. The microtrichia of the sensilium 
and the spiracular fossa of the eighth tergite are heavily 
sclerotized and recurved, and are uniform in size and spacing 
(figures 284, 285). Their function is unknown, however they 
may be involved in the sensory function of the trichobothria 
or C2 of the sensilium. Similar microtrichia are seen at the 
bases of specialized bristles (Keulenhaar) of Grvllus (Gnatzy 
and Schmidt, 1971, 1972). 
Other sclerotized microtrichia are found at the base of 
the maxillary palp and on the anal lobe of the male (figures 
61, 317). Those of the anal lobe (termed spicules) are the 
longest microtrichia observed, some exceeding 30 micrometers 
in length. The microtrichia in both regions show great diver­
sity in development: some are nipple-like processes on striae 
while others are long and well-developed. The gradation in 
development seems to be a function of location, a field-
effect suggesting variable concentration of a development-
stimulating chemical. A similar effect is seen in the struc­
ture of spiniform bristles on the metacoxae, figure 228, 
The majority of microtrichia are apparently flexible, 
have a uniform distal diameter of 0.5 micrometer, and are 
variable in length (figures 94, 138, 278). Some are precisely 
arranged in rows, as mentioned above (figure 140) while others 
are randomly distributed (figure 138). In some regions the 
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microtrichia are stalked, that is, two shafts are inserted on 
a common base or stalk (figure 280). 
Many microtrichia have a precise, directional orientation. 
The microtrichia of the vagina, proximal to the bursa copula-
trix are closely appressed to the cuticle and oriented to 
project distad (figures 279, 280, 281). Similar microtrichia, 
termed trichom, were figured by Mickoleit, 1973, on the ovi­
positors of Raphidioptera (Neuroptera). He thought the micro­
trichia functioned as combs, aiding the progress of the egg 
through the ovipositor. The region of the vagina proximal to 
the bursa copulatrix (in C. simplex) leads to the oviduct, and 
the microtrichia may serve to aid oviposition. The micro­
trichia may also function to prevent the passage of the penis 
rods or spermatozoa in the event of mis-copulation. 
Microtrichia were observed in the brood sac of the cock­
roach, Diploptera punctata (Eschscholtz) by Greenburg and 
Stay, 1974, that are similar to the microtrichia on the distal 
vagina of C. s implex (figure 278). 
The shafts of some microtrichia appear to have lumina 
(figure 138)Î 
The varied structure, and often precise location and ar­
rangement of the microtrichia suggest that they apparently 
perform important functions for the flea. Further studies 
should be conducted to determine their function, development, 
and structural relationship to the epidermal cells lying 
below. 
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A great number of sensilla were observed, ranging from 
sensory pegs and hairs to a variety of bristles and pits in 
the cuticle termed placoids. The sensilla type A, or sensory 
pegs with smooth shafts lacking pores, are less than 15 micro­
meters in length and have a basal shaft diameter varying from 
1.4 to 2.5 micrometers. The sensillum shaft is inserted into 
a socket around which is usually a well-developed ring of 
sclerotized cuticle, termed the collar (figures 11, 12). The 
type A are found on: the frontal and occipital regions of 
the head; the club of the antenna; the fourth segment of the 
maxillary palp; the tibiae and tarsi; the second abdominal 
segment; stemite IX, tergite X, and the anal stylet of the 
female; and the process, P3 of the clasper of the male. 
The shafts of the type A were of three morphological 
types: blunt-tipped cylinders (figure 77): sharp-tipped cones 
(figure 189); and irregular, blade-like shafts (figure 257). 
The functions of the three types are unknown, but there is 
some indication that the blunt-tipped cylinders may be involved 
in contact chemoreception (see part three below). The posi­
tion of Sûîûê sharp-tipped cones on articular surfaces of the 
tarsi (figure 216) indicate-that they may perform a tactile 
function. 
The articular cavity of the distal pedicel contains two 
tiers of peg-like structures (type B7) that are either sensory 
pegs or microtrichia (figure 52). Sections must be made of 
the pedicel to determine their identity. Apparently, the pegs 
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interdigitate with the teeth on the petiole and thus provide 
information to the flea regarding the position of the club. 
The sens ilia type B of the antenna are all recessed from 
the surface of the cuticle, either positioned between annuli 
(Bl) or inserted in pits within the annuli (B2 through B5). 
The surfaces of the shafts are all complexly textured, usually 
with irregular keels and pores (figures 48, 49). The peg, B5 
is the most complex sensory structure observed (figure 48). 
Since all the pegs are recessed from the surface but yet are 
in contact with the atmosphere, an olfactory function is pre­
sumed. The precise arrangement, positioning and complex 
structure suggest a complex function -- perhaps they are in­
volved in the host-recognition process. The inaccessible 
position and minute size of these interesting sensilla will 
render electrophysiological studies difficult. 
The type B sensilla on the remaining regions of C. sim­
plex are hair-like sensilla, with shafts that vary in length 
from 15 to 50 micrometers and basal diameters of 2.0 to 3.5 
micrometers. They are inserted in sockets and collar forma­
tion is variables They occur in patches cn the head (figures 
27, 28), are found on the fourth segment of the maxillary palp, 
are interspersed between bristles on the dorso-ventral cuticu-
lar ridges of the head, thorax, and abdomen (figures 7, 131, 
265), and are found on the femora, tibiae, and tarsi (figures 
180, 182, 188). The shaft is usually slightly grooved, giving 
it a fluted appearance (figures 191, 211). None of the type B 
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were found with terminal, large pores that would indicate a 
chemosensory function (such sensilla are described and illus­
trated in Lewis, 1970). 
Nearly all regions of Ç. simplex have a number of bris­
tles, designated sensilla type C. The shafts of the bristles 
vary in length from 12 to 320 micrometers, have basal diam­
eters that usually exceed 3.0 micrometers, and are usually 
deeply grooved, giving the shaft a fluted appearance. In some 
cases, separation of hairs from bristles was difficult (espe­
cially those on the tibiae and the processes of the claspers) 
and designations were purely arbitrary. 
Most bristles have longitudinal flutings that parallel 
the axis of the shaft or converge on a line that parallels the 
axis (figures 132, 291). Some of the more heavily sclerotized 
bristles (for example, on the metatibiae and metatarsi) have 
flutings that spiral the length of the shaft, a modification 
that probably gives increased structural strength to the bris­
tle (figures 253, 254). 
The majority of bristles probably provide tactile infor­
mation to the flea regarding contact with hair and other 
structures in the environment (a statement that can be veri­
fied electrophysiologically and by determination of innerva­
tion). Many of the longer, strategically placed bristles 
probably function to fend off hair from the cuticular surface, 
thereby reducing the friction that impedes forward progress of 
the flea. The larger bristles are oriented at posteriorly 
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projecting angles which would result in their catching on hair 
during attempts by the host to forcefully remove the flea. 
The middle and hind legs have an increased number of long, 
stout bristles that probably aid the flea in forward propul­
sion by providing greater pushing contact with hair (figures 
172, 242). Bristles in recessed areas such as the antennae, 
genital regions, and ventral coxae probably function to keep 
dirt out of those regions. 
Many of the bristles are modified in structure. The C3 
on the distal femora are always curved dorsally, thus fol­
lowing the downwardly curved tibia (figure 207). The plantar 
bristles (CI) of tarsal segments V have proximo-lateral, 
cuticular bosses that butt against the cuticle, limiting lat­
eral movement of the bristle; the bristles are medially bowed; 
and the tips of the first three pairs are formed into knurled 
knobs (figures 193, 222, 259). The spiniform bristles (C2) on 
the metacoxae are greatly reduced in length, have highly ta­
pered tips, and are inserted in close-fitting sockets (figures 
228, 229, 230). The spiniform bristles and nearby CI show a 
fielu-effeet or positional effect on development % some of the 
CI near the spiniform patch are intermediate in structure be­
tween the C2 and CI (figure 228). The bristles of the sensil-
ium (C2) have relatively small basal diameters for bristles 
(average of 2.2 micrometers), and have the cuticle at the 
bases modified into double-chambered, septate, doîse-liks 
structures (cupolas) (figures 286, 287). One of the bristles 
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(D) on posterior LI (lobe 1 of clasper process 1) is modified 
into a stoutf tooth-like process termed a spiniform bristle 
(figure 303). 
Clusters of hair-like sensilla, termed hair plates (type 
D) are found in the following articular regions: proximal 
pedicel and scape (figures 54, 58), proximal maxillary palp 
(figure 62), lateral and ventral meso- and metathorax (fig­
ures 150, 151), proximal coxae (figures 176, 177), trochanters 
(figure 238), and proximo-ventral tibiae (figure 246). The 
hair plate sensilla occur in numbers from one to seven, range 
in length from 4 to 30 micrometers, have smooth shafts that 
taper to sharp tips, are inserted in sclerotized or membranous 
cuticle, and have variable collar formation (figures 178, 179, 
201). Many of the hair plate sensilla have double tips (fig­
ures 233, 235, 239). The sensilla are sometimes seen bent 
between appressed surfaces (figures l7l, 201). They probably 
provide information to the flea regarding position and/or 
stress applied to articulating regions of the body. The tro­
chanters in particular have complex arrangenents of hair 
plates ! five groups of sensilla are positioned on the dorsal 
and lateral surfaces of each trochanter (figure 238). 
Some of the smaller hair plates, such as D4 on the tro­
chanter and D on the tibia are difficult to separate from sen­
sory pegs (type A); again, designation is arbitrary and based 
on the location and apparent function of the sensilla. Prob­
ably some of the type A (for example, A2 and A3 of the tarsi. 
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and type A of the abdomen) function as hair plate sensilla. 
The sensilla type E or placoids are found in all major 
body regions as seen with the light microscope. However, only 
a few have sufficient surface differentiation to allow obser­
vation with the SEM, specifically, those of the head, dorsal 
thorax and abdomen, and on the tibiae and tarsi of the legs. 
The placoids of the proximo-ventral tibiae have the most con­
spicuous structurei a circular depression with a central, 
dome-like process (figures 246, 247). This structure is iden­
tical to that of the sensilla campaniformia figured in SEN 
micrographs by Gewecke, 1972 (Locusta) and Lambin, 1973 
(Blaberus). Probably all placoids (type E) are sensilla 
campaniformia and provide sensory input to the flea regarding 
stress relationships in the cuticle. 
The eye of the flea is externally devoid of structure 
except for fine dimples that may be artefact rather than true 
structure (figure 22). The ultrastructure of the eye of the 
flea Ceratophvllus gallinae (Schrank) was studied by Wachmann, 
1972, who found that the surface of the eye was completely 
Smooths He further stated that the structure of the eye was 
unlike any insect ommatidia previously studied which corrobo­
rated the conclusion of Wenk, 1953, that the eye of the flea 
is not a laterally displaced ocellus, but rather, a modified 
compound eye. 
Structural components of the exoskeleton that may be 
homologous to sensilla are the genal and pronotal combs. 
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According to Traub, 1968, morphological studies on comb devel­
opment show that each ctenidium is derived from a single 
epidermal cell and is thus homologous to other sensilla, as 
bristles, hairs, pegs, etc. The external fluting of the 
ctenidia (figures 26, 31, 134, 137) is a morphological feature 
found elsewhere only on bristles, supporting the concept that 
comb teeth are modified bristles. However, the large inter­
nal cavities of the ctenidia (figure 33) and the complex, 
possibly cellular, tissue within suggest that the ctenidia may 
be multicellular processes, or true cuticular spines as de­
fined by Snodgrass, 1935. Additional morphological investiga­
tions are needed to resolve the nature of the combs. 
The function of the combs, as stated by Humphries, 1966, 
is to keep the flea on the host by anchoring or snagging onto 
the hair. He presented tables correlating the sizes of the 
spaces between ctenidia and the shaft diameters of the hair 
of the host. 
Part II 
The exposed, outer regions of the exoskeleton have numer­
ous pores that are approximately one micrometer in diameter. 
The more conspicuous areas are the frons and occiput of the 
head, the dorsal, notai areas of the thorax, the dorsal por­
tions of the tergites of the abdomen, specifically VII and 
VIII, SXIÛ the dorsal, outer surface of LI of the claspers of 
the male (figures 16, 132, 271, 303)» Some micrographs show 
exudate, apparently solidified by fixation, in and below the 
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pores (figure 23). The pores are apparently openings to ducts 
from epidermal glands, which produce an oily material that 
coats the surface of the flea (figures 70, 71). This oily 
coating possibly functions to aid the flea in its locomotion 
through the dermocos. Humphries, 1967, reported that a sub­
stance, present on the cuticular surfaces of both male and 
female Ceratoohvllus gallinae (Schrank) functioned as a recog­
nition factor that initiated sexual response in the male. 
This substance is probably produced by the epidermal glands. 
Similar pores were observed in the SEM micrographs of 
several authors (Moeck, 1968; Lebrun, 1971; Bruck and Stockem, 
1972; Lambin, 1973; and Cammaerts, 1974), and were reported 
to be the openings of ducts of epidermal glands. 
The anterior surface of the epipharynx has 14 nodules 
which appear to be porous (figure 109). In the light micro­
scope, these are seen to be connected to the internal canal 
(figure 110) of the epipharynx. Wenk, 1953, indicates that 
this canal is open to the atmosphere. If so, perhaps air is 
released from the pores into the feeding wound to alleviate 
the vacuum resulting from withdrawal of the fascicle. 
The epipharynx and the maxillary laciniae both have cu­
ticular modifications termed teeth (figures 83 to 98, 111, 
112). The relationship of these structures to epidermal cells 
or to striae is unknown and should be determined in future 
developmental and morphological studies. 
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The pretarsi possess paired claws and basal teeth that 
show a modified pattern of striation (figure 192, 195). The 
opposing, gripping surfaces of these structures have deep 
scallops that evidently give the claws and teeth greater 
grasping efficiency. The relationship of these patterns to 
epidermal cells should also be determined. 
The unguitractor plates of the pretarsi are modified into 
a pattern of parallel rows of ovoid, overlapped plates (fig­
ures 260, 261). This structure may give the plate structural 
strength, which would be required because it is the outer sur­
face of the insertion of the tendon of the flexor muscles of 
the claws (Snodgrass, 1946). Perhaps the pattern of small, 
oval plates reflects substructure of the tendon. Similar 
platelets were observed on the unguitractor plate of the 
spruce budworm by Mitchell and Seabrook, 1972s 
The posterior head, the postero-dorsal regions of the 
thoracic notites and the posterior and lateral regions of ab­
dominal tergites and stemites are all developed into thin, 
extensive, cuticular flanges or collars that are not in direct 
contact with the hemocoel or, apparently, with epidermal cells. 
However, the pattern of striae extends to the distal margins 
of these flanges (figure 265). Studies should be made of the 
development of the flanges to determine the fate of the epi­
dermal cells. Perhaps the epidermal cells are still present 
but are greatly flattened and not observable with the light 
microscope. 
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The distal processes 2 and 3 of the claspers are modified 
into a dovetailed structures a cuticular wedge of process 3 
fits into a cuticular groove on process 2 (figure 306). This 
structure combined with the musculature of process 3 allows 
the processes to function as a powerful clamp. Apparently, 
the processes clamp the disto-lateral portions of stemite VII 
of the female. The structure of the processes of the male, 
stemite VIII (figures 295 to 297), suggests that the processes 
function as prying bars. The positional relationships of the 
terminal male and female abdomens during copulation (see 
Holland, 1955; Humphries, 1967; and Snodgrass, 1946) suggest 
that the processes of stemite VIII function to pry stemite 
IX of the female in a dorsal direction. 
The structure of the crochets of the aedeagus also sug­
gests a prying function (figures 312 to 315)» The size, 
shape and positions of the scallops of the distal crochets 
seem to correspond very well to the structure of folds present 
on the vaginal surfaces lateral to the glandule vaginalis 
(figure 276). It appears that the scallops fit into the vag­
inal folds and the crochets pry the dorsal vagina upward, thus 
opening the bursa copulatrix to the apex of the sclerotized 
inner tube and thereby allowing intromission of the penis rods. 
Investigations into the morphological interrelationships 
of the male and female genital structures should be performed 
to verify the assumed functions of the structures. 
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Part III 
The major, external sensory regions of the adults of both 
sexes are the frons and occiput of the head, the antennae, the 
maxillary palps, the legs, and the sensilium. 
The frons and occiput are populated by numerous sensory 
pegs that are present in greater numbers in the male than in 
the female. This sexual dimorphism in sensilliai number would 
seem to indicate a sensory function related to mating behav­
ior. The sharply tapered, non-porous nature of the pegs 
coupled with the occurrence of numerous placoids, suggest that 
the sensory field of the head may be involved in fine, tactile 
discriminations, as during probing of various regions of the 
skin of the host (or below folds of skin) in the selection of 
a feeding site. The greater number of sensilla on the male 
may be related to an increased need for discrimination when 
the head is prodding under the female abdomen. 
The maxillary palps of Siphonaptera appear to perform 
the environmental probing function usually performed by the 
antennae in other insects (see Humphries, 1967), a relation­
ship that was pointed out by Curtis in 1826. The distal, 
outer surface of the fourth palpal segment is forned into a 
complex sensory field (figures 69 to 81) that is apparently 
capable of performing contact, chemosensory functions 
(Humphries, 1967). Since no obvious, contact, chemosensory 
sensilla were observed, it is presumed that the sensory pegs 
(type A) perform the function. 
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The external location of the sensilla and the structure 
of the palp should allow direct, electrophysiological inves­
tigations to be made to verify this assumed function as well 
as other possible functions. 
The clubs of the antennae are very complex sensory struc­
tures. The external pegs (type A) (figures 35, 36, 37) show 
considerable sexual dimorphism and may be involved in sensory 
functions relative to mating or to locating the female. Most 
male fleas have the posterior surface of the club modified 
into a field of mushroom-like sensilla (holding organs) that 
are involved in grasping the abdomen of the female (see Roths­
child and Traub, 1971, plate 8). None are present in Ç. 
simplex (however, other pulicids possess them). Perhaps the 
efficient clamping capability of the claspers and the sessile 
feeding behavior of the female are in some way related to the 
absence of the antennal holding organs. 
The trochanters, tibiae and tarsi are richly supplied 
with sensilla, particularly bristles. The trochanters have a 
complex arrangement of hair plates and placoids (figures 202, 
203)s The concentration of these sensilla on the trochanter 
probably indicates that it is the primary sensory center for 
detecting the positions of, and stresses applied to, the dis­
tal leg. 
The tibiae have a constant pair of sensory pegs: a blunt-
tipped peg (A1) on the inner, dorsal surface and a sharp-
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tipped peg (A2) on the medio-ventral surface (figures 211, 
214). 
The fore and mesotarsi have a nearly identical distri­
bution of sensory pegst five blunt-tipped pegs (Al) on seg­
ments II to IV, one to three sharp-tipped pegs (A2) on seg­
ments I to IV, and three blade-like pegs (A3) on segments II 
to IV (figures 187 to 190, 216 to 219). The hind legs have 
reduced numbers of sensory pegst one Al on segment IV- two 
A2 on segments I and II, and three A3 on segments III and IV 
(figures 251 to 256). However, the metatarsi have a much 
greater number and variety of bristles. 
Because of the large number of sensory pegs, the fore and 
middle tarsi are probably performing a sensory function as the 
flea moves through its environment. Since the blunt-tipped 
pegs of the maxillary palps are suspected of performing a con­
tact, chemosensory function, the blunt-tipped pegs of the 
tarsi may also be performing the same, or a similar function. 
The large size and exposed positions of these sensilla should 
make them suitable subjects for electrophysiological and 
behavioral studies. 
The last major sensory region is the sensilium and its 28 
trichobothria or type C2. The C2 are evenly spaced in four 
rows on each side of the body (figure 284). A posterior view 
of the sensilium shows the C2 precisely alligned and appearing 
very similar to antennal arrays (figure 316). In the theory 
of Callahan (1965), the basal cupolas would serve to modulate or 
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amplify an incoming IR signal received by the shafts of the C2 
sensilla. It may be possible that the cupolas function as 
"wet bulbs ,•* thus the C2 would act as a wet bulb thermometer 
and neuronal integration of its signal compared to the input 
of dry, reference sensilla would provide humidity information 
to the insect. 
Humphries, 1967, observed that the bristles of the eighth 
stemite of the male Ceratophvllus gallinae contacted the C2 
of the sens ilium of the female whenever the female tried to 
move during copulation. Apparently this tactile stimulus 
quieted the female. He also observed that tactile stimulation 
of the male sensilium temporarily prevented lowering of the 
male genitalia. 
A structure similar to the sensilium and associated C2 
was observed in the micrographs of Gnatzy and Schmidt in 1971 
and 1972 in their study of Grvllus bimaculatus and in the 
paper by Roth and Slifer, 1973, in their study of spheroid 
sense organs on the cerci of Polyphagids (Blattaria). 
It is obvious that a number of morphological, electro­
physiological and behavioral studies must be perforsied on C: 
simplex in order to determine the ultrastructure and functions 
of the various components of the exoskeleton. 
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